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PREFACE 


The Special Aviation Fire and Explosion Reduction Advisory Committee (SAFER) 
(Reference 1), recognized that aircraft seat cushions represented a 
potentially important fire source. The SAFER committee recommended that 
fire blocking layers should be evaluated for seat construction. 

The Federal Aviation Administration (FAA), acting on this recommendation, 
evaluated \fcnar , a neoprene foam blocking layer, in a full-scale cabin 
fire test facility to examine its effect on postcrash fire propagation in 
the aircraft (Reference 2). The use of a \bnar fire blocking layer with 
conventional seats significantly decreased the flammability of the seats and 
increased the survivability time (Reference 2). The additional weight 
associated with the use of \fonar-3, with a weight of 0.918 kg/nr (27.0 
oz/ycr), in the U.S. fleet, amounted to a cost of approximately 
$31,000,000 per year averaged over a 10 year period (see Appendix E-l). 

The Chemical Research Projects Office, Ames Research Center, under an 
Interagency Agreement with the FAA, wap charged with the responsibility of 
optimization of the seat blocking layer design with regard to fire 
performance, wear, comfort, and cost. 

Tb achieve the above goal, various fire blocking materials were 
characterized in terms of their (a) fire protection, (b) wear, (c) comfort, 
and (d) cost as compared with currently used seats. 

From our studies (see Appendices B and C), it has been shown that a number 
of improved fireworthy seats can be made by protecting the cushion with a 
variety of Eire blocking layers. 

The optimum material is Norfab® 11HT-26-A1, an aluminized fabric which 
will cost $11,600,000 over the baseline cushion and provide approximately 
similar fire performance as the tbna r-3 wrapped seat under small-scale fire 
test conditions (Appendices B-l and C-l), 

This optimization program showed that some fire blocking layers such as 
Nbrfab 11HT-26-A1 gave better fire protection when used with non-fire 
retarded urethane. Thus, it i3 possible to use non-fire retarded urethane 
with a density of 19.2 kg/nr* {1.2 lb/ft^) with the Norfab 11HT-26-A1 at 
a cost of only $7,880,000 over the baseline. This represents a fourfold 
improvement over the cost with the \Aonar-3 material. 

'Lb is report is presented in two parts - Sections 1-7 which describe the work 
completed under the Interagency Agreement, and Section 8, the Appendices, 
where individual studies may be found. 

Vonar® is registered trade mark of E.I. du Rent de Nemours Co., 
Norfab® is a registered trademark of the Norfab Corp. 


Inc. 
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EXECUTIVE SUMMARY 

The purpose of this study , conducted under an intergency agreement between the 
federal Aviation Administration (FAA) and the National Aeronautics and Space 
Administration (NASA), was to select and evaluate low-weight fire blocking layers 
for aircraft seat cushions to minimize the cabin hazards created by a postcrash 
fire. 

The general approach was to evaluate the fire hazard characteristics and mechanical 
properties of a series of candidate seat cushion fire blocking layers, and 
accurately compute the weight differential nnd manufacturing cost of each candidate 
system as well as the impact on airline operating costs for the U.S. Fleet over a 
period of 10 years. From this work, a number of blocking layer configurations, 
optimized for fire hazard reduction and minimal weight penalty, have been derived 
for full-scale fire test evaluation at the FAA Technical Center. 

A series of eleven seat fire blocked configurations was evaluated using various 
fire test methods and laboratory tests. From these tests, it was concluded that 
seat cushions constructed with such fire blocking materials as Norfab 11HT-26-A1 
in combination with non-fire retarded urethane foam provided a definite reduction 
in the fire hazards with a minimum weight penalty. 
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1. IN'HtfMMICTrrON 

Among existing ommereial Ly astal cushioning polymers, there is probably no 
bitter material fron mechanical aspects and cost ( ca. $0.15 per board foot) 
Uian conventional flexible polyurethane foams, and, unfortunately, none more 
thermally sensitive. TTiese polymers, because of their easily pyrolyzed ure- 
tliane groups and thermally oxidizable aliphatic linkages, exhibit polymer 
decomposition temperatures of ca. 250° C (508° F), maximum pyrolysis rates 
at 300° C (598° F) , with a total yield of pyrolysis vapor of about 95%, most 
of which is combustible. Che would expect these materials to ignite easily 
with a low power energy source, and when ignited, effect sustained flame 
propagation even after removal of the heat source. 

'Ibis report examines the possibility of increasing the available egress time 
for passengers from aircraft exposed to a large fire, by providing fire 
protection for the polyurethane cushioning. 

At the present time, all commercial transport aircraft are fitted with fire 
retarded flexible polyurethane seat cushions (bottoms, backs, and head 
rests) with an average foam density of 29.9 kg/m*^ (1.87 lbs/ft^). With 
average seat construction, there are about 2.72 kg (6 lbs) of foam per seat. 
For 2,000 aircraft with an average of 200 seats per aircraft, this amounts 
to 911,000 kg (2 million lbs) of flexible polyurethane foam in use. The op- 
ti one might consider as seating alternatives to effect improvement in 
the fi reworthiness of aircraft interiors, and their limitations, are use of 
the following: 

§ fire resistant non-metal lie (polymeric) materials 

limitations: high cost, difficult processability, low 

durability and confort factors 

§ plastics and elastomers with fire retardant additives 
limitations: not effective for postcrash fires 

§ fire blocking layers (FBL) 

limitations: essentially none; although compromises will 

have to be made in the choice of an FBL with 
respect to ultimate performance as a function 
of cost and weight, and the costs of labor 
involved in assembling a composite seat cushion. 

The same classes of high char yield polymers that are known to be outstand- 
ing ablative materials (sacrificial materials designed to be consumed in 
order to protect other components) such as phenol! cs, polyimides, and poly- 
ben/.Lmidaaoles (FBI), can be made fire resistant enough to inhibit both 
propagation and flash-over when used as replacements for polyurethare in 
seats. However, when so designed, they all suffer serious limitations be- 
cause of cost, processability, ccmfort, and durability (brittleness). 


Nr) fire retardant additive known to date can suppress production of eonbus- 
tihle vapor from polyurethane ioa ,vs under sustained heat fluxes. The only 
real option that exists at present with contnercially available components 
seems to te the fire blocking approach; that x s , to provide cost and weight 
optimized ablative materials in the form of foams, or fabrics, which wild 
expend and dissipate the heat flux incident on the seats by producing non- 
toxic non-ccmbustible residues. Eventually, however, the ablating FBL will 
lx - ; consumed, and attack on the polyurethane foam will occur. The time 
needed for ablation of the FBL, which is then the protection interval for 
the polyurethane foam, should be optimized as a function of cost, weight, 
durability, and other contributing factors, to provide the requisite egress 
time for aircraft passengers. 

One of the largest contributors to the development of a hostile environment 
inside an aircraft cabin during a fire is the production of flammable and 
toxic vapors from soft brics and furnishings, the bulk of which are con- 
tained in the seats. The flammable vapors produced by thermal decomposit- 
ion of tiie urethane foam cushions are assumed to be the largest single 
factor contributing overtly to this hostility factor during such a fire. 
Thus , it is deemed necessary to find an FBL to minimize the hazards created 
in the post-crash aircraft fire. Preliminary studies (Reference 2) have 
sftown that Vonar-3, 0.48 an (3/16 in) thick, is a good ablative FBL, but it 
carries a heavy weight penalty producing significantly increased operating 
costs. This study was performed to find an FBL which will provide greater 
cast benefits and comparable, if not better, heat blocking performance than 
0.48 cm (3/16 in) chick Vonar. 

The main purpose of this investigation is to evaluate the fire hazard char- 
acteristics and mechanical properties of a series of candidate seat cusn on 
FBLs, to accurately compute the weight differential and manufacturing costs 
of each candidate system, and to provide a quantitative assesanent of the 
effect of these factors on airline operating costs for the U.S. fleet over a 
period of ten years. From these data, FBL configurations will be character- 
ized and ranked for fire hazard reduction and minimal weight penalty, and 
will be recommended in rank for full-scale fire test evaluation at the 
Femoral Aviation Administration (FAA) Technical Center. 

Initial interest in this problem of passenger survivability time, and the 
development of severely hostile cabin environments, began when it was shown 
that a Vonar-3 FBL over normal polyurethane foam cusnioned seats provided a 
significant reduction in fire hazard in a full-scale fire test (the C-133 
wtde-body test facility at the FAA Technical Center). Preliminary data from 
tiie FAA Technical Center indicated that the Vonar-3 blocking layer, when en- 
casing a conventional fire retardant (FR) urethane cushion, appeared equiva- 
lent in fire protective performance to full-cushion LS-200 neoprene, and 
superior in performance ro full-cushion polyimide, full-cushion FR urethane, 
and 0.48 an (3/8 in) LJ-200 neoprene blocking layer over FR urethane 
(Reference 5). However, use of a Vonar-3 blocking layer resulted in an 
estimated weight penalty of 1.8 kg (4 lbs) per seat. Thus, due to ever 


3 


increasing fuel costs, the Vonar-3 blocking layer may not be cost effective 
(see Appendi.x F,-l ) . An FBL is then needed which affords fire protection as 
well as cost ef fectiveness (both in terms of weight penalties and intrinsic 
costs of nttnu factoring and assembly) for the U.S. fleet. 

With this background, a work statement and interagency agreement was devel- 
oped (between the Federal Aviation Administration and the National Aeronaut- 
ics and Space Administrat ion (NASA). The studies described above indicated 
that an FRUL conf iguration must be found which best fits four often con- 
flicting criteria: 

first, it must be a suitable FBL; 
second , jt must be light-weight to minimize fuel costs; 

third, it must be comfortable, and 
fourth, it must have reasonable manufacturing and 

processing costs via normal commercial sources. 

The vork statanent in the interagency agreement between the FAA and NASA de- 
1 ineates three specif Lc tasks aimed at accomplishing this goal: 

1. Selection and fire tests of candidate FBL materials 

2. Development of a weight and economics algorithm for aircraft 
seat cushion configurations to determine cost effectiveness 

3. Mechanical tests of optimum FBL configurations. 

This report is the culmination of a group effort to accomplish these goals. 
In the following section of this report, each of these three tasks will be 
defined In detail, with results and discussion of the work performed in ac- 
complishing these tasks. Individual contributions may be found in the 
Appendices at the end of this report. 
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2. SELECTION AND FIRE TESTING OF CANDIDATE FIRE BLOCKING LAYERS 


2.1 MECHANISTIC ASPECTS OF FIRE BLOCKING BEHAVIOR : There axe various fire 

blocking mechanises thought to occur with existing materials that axe pos- 
sible candidates for blocking layers. These are described briefly below; 

Trans pi rational cooling occurs via emission of water vapor to cool the 
heated zone. Vonar , a family of low density and high char yield foams, usu- 
ally doped with Al(OH >3 powder, contains a large fraction of water of 
hydration, and is one of the best candidates in this class. It is available 
in three thicknesses, Vonar-1 0.16 cm (1/16 in), Vonar-2 0.32 cm (2/16 in), 
and Vonar -3 0.4R cm (3/16 in>. Materials which depend on trans pi rational 
cabling by mass injection into the environment can be very efficient at high 
heat fluxes. Unfortunately, these systems are less efficient on a weight 
basis than those using other fire protection medhanisns. 

High temperature resistant fabrics such as PBI and Preox® (registered 
trademark of Gentex Corporation), wltn char yields in excess of 6Cft, are ex- 
cellent candidates that utilize a re-radiative fire protection mechanism. 
Suitable felt fabrics, which are also good insulators, have been prepared 
from these polymers in fiber form. These potential fire blocking materials 
ibit high temperature stability with low thermal conductivity. Fabrics, 
/.-j-ts, and mats with excellent high temperature insulation properties can 
also be obtained from inorganic materials such as silica and alumina. Also 
to he considered are the highly reflective continuous surfaces, such as 
aluminum foils, which function by distributing the incident radiant energy 
and thus reducing local heat loads. 

Another mechanism which may be important in controlling the effective 
mass injection rate is the ability of the material to initiate vapor phase 
cracking of the combustible vapor species generated by the low temperature 
pyrolysis ~>f the polyurethane substrate. The action of the FBL itself in 
inducing these endothermic processes can be a very important contribution to 
overall fire protection abilities. All of these materials in sufficient 
thicknesses, in combination or individually, can provide the required degree 
of thermal protection necessary for fire safe polyurethane cushioning. 

Examination of the heat conduction and thermal radiation properties of the 
seat cushion materials has led to the development of a simple cushion model 
based on s ; x identifiable layers. This model cushion consists of the fol- 
lowing six layers: 

1- the wool-nylon decorative fabric layer 

2. the re-radiative char layer (formed from the heat 
blocking layer by thermal degradation of a suitable 
fabric or foam) 

3. the transpiration layer (allowing vapor exchange) 

4. the air gap layer 

6. the reflective layer (to assist in controlling 
radiant energy) 

6. the cushioning foam (the primary component which 
requires thermal protection). 
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In s*xne iuses, for ex'unple LS-200 neoprene and polyimide, the FBL and cush- 
ion are a single substance, with no need for any additional FBL component. 
R -radiation can be effected by either reflection from an emissive surface 
of aluminum or from a hot char surface formed. The use of aluminum cover-- 
i ng on high temperature stable and/or -hf.r forming interlayers is important 
in rodistributi ng the local incident radiation, and the hot. char or carbon- 
i /jxl layers formed can dominate the re-radiation process. Thus, aluminized 
char forming high temperature materials, such as Preox 1100-4 or Norfab 
1 IIIT-26-A1 provide the best combination of mechanisms. Nevertheless, it 
should bo noted at this point that efficient PBLs are by no means limited to 
these kinds of materials. 

A major danger in aircraft fires is what is termed "flash-over”, where flam- 
mable vapors trapped high up towards the ceiling of the cabin will suddenly 
ignite and propagate the fire across the *vhole upper interior of the air- 
craft like a wave. A suspected major source of flairmable vapors leading to 
this condition is the decomposition of polyurethane foam. 

in ablative (sacrificial) protection of a flammable substrate such as the 
flexible polyurethane foam, wherein a limited amount of controlled pyrolysis 
by the FBL is not only allowable but encouraged, secondary internal char 
formation by thermal cracking of the urethane pyrolysis vapor is additional- 
ly beneficial. Firstly, that part of the evolving combustible gas which is 
fixed as a char cannot participate in the external flame spread and the 
flash-over process. Secondly, the additional char layer assists in insulat- 
ing the remainder of the foam from further pyrolysis. Venting of the seat 
cushion is necessary to prevent sudden release of combustible gases, and can 
allow additional coo Ling via mass exchange processes. 


2.2 HAT ION A ~ E FOR TOE SELECTION OF TEST MATERIALS : In delineating the 
rationale for materials selection, one must remember that there is a wide 
range in radiant heating rates to which the seat sections are exposed in an 
aircraft fire. In exposing LLe seats in the C-133 test aircraft to a large 
pool fire through an opening the size of a door in zero wind conditions, one 
encounters an actual heating rate of 14 W/an 2 (12.3 Btu/ft 2 *sec) . This 
decays to 1.7 W/crn 2 (1.5 8tu/ft 2 *sec) at the center line of the aircraft 
(Reference 6). Thus, one of the apparent problems in trying to define the 
thermal environment, which is necessary before one can consider the materi- 
als response, is the highly geometrically variable distribution of heating 
rates, ranging from values as lugh as 14 to as little as 1.7 W/cm 2 . Oie 
must recognize also that the sea.. presents an oblique and irregular view an- 
gle to the incoming radiation. Under such fixed wind conditions, the seat 
will undergo pyrolysis to generate a 90% (by weight) yield of combustible 
gases from the urethane cushion core. At nominal heating rates of 1-2 
W/cm 2 , this pyrolysis rate is not influenced by the presence of contempor- 
ary incorporated chemical fire retardants. The possibility of modifying the 
standard state-of-the-art polyurethane seats via the incorporation of chemi- 
cal fire retardants was eliminated fran further consideration. Bricker 
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(Reference 4), using tests in the 737 at NASA-Johnson Space Center, showed 
clearly that at heating rates alove 4-5 W/cm 2 there was little or no dif- 
ference in suppression of fire propagation from seat to seat for chemically 
retarded polyurethane compared to untreated polyurethane. 

Hie priimry objective in modifying the seats to increase their fire resist- 
ance ls simply to reduce the rate of production of flammable vapors from the 
urethane cere cushion, and prevent the injection of such flammable gases 
into the passenger environment - a critical issue. Linder the conditions 
that exist in postcrash fires, it is quite clear that nothing can be done to 
Influence vapor production from the polyurethane. An alternate option is to 
replace the polyurethane with materials that do not yield flammable vapors 
on pyrolysis. Under the enormous heat flaxes that exist, such materials 
will still pyrolyze, however, the pyrolysis process should produce a non- 
flammable char, leading to sel f -protect ion of the ranaining foam. The pciy- 
imide foams represent an example of this kind, providing a high char yield 
on pyrolysis, and not releasing flammable vapors into the environment. Un- 
fortunately, the cross-link density and aromaticity required to achieve the 
level of char yield was inconsistent with the mechanical properties, canfort 
factors, resiliency, and durability of the seat, and these materials were 
eliminated from farther consideration. 

Thus, since we cannot replace the polyurethane core itself with another foam 
that will not pyrolyze to a flammable vapor, then we must use an insulating 
layer to provide the requisite protection. This FBL will provide ablative 
(sacrificial) protection of the polyurethane foam core. Even with the FBL 
present, it is still deemed necessary to prevent localized attack on the 
polyurethane cushion, necessitating some form of secondary protection (or 
protective layer) that will allow dissipation of the heat flux over as large 
an area as possible. The obvious method is to use a "wiap" made from highly 
conductive aluminum sheet (aluminum minimizes any weight penalty, and has 
one of the best thermal conductivity coefficients available for any cannon 
metal), such that the lateral conduction capabilities will reduce local hot 
spots, and further enhance the action of the FBL. There are several of 
these heat resistant, not easily pyrolyzed, low volatility woven fabric 
materials: Nomex® and Kevlar® (registered trademarks of the E. I. du Fbnt 

do Nemours Corporation), and Kynol® (registered trademark of American Ky . .ol 
Qjrjoration). Two that are cannercially available as aluminized carbon- 
fibre based fabrics are Panox® (registered trademark of RK Textiles Com- 
posite Fibres, Ltd.) and Celiox® (registered trademark of Ceianese Cbr- 
ixmition), and the alumiriized-Norfab materials containing Kynol, Kevlar, and 
None,; 


(he surprising factor energed on examination of these aluminum protected 
fabric FBL systems. Since they are thin, it was not possible to maintain a 
zero temperature change between front and back face of the FBL, and thus 
ntx'isssarily some degradation of the surface of the polyurethane foam cushion 
will occur. However, the back -surface of tnese FBL systems behaves as an 
efficient. (and !kj(.) catalytic surface, producing rapid pyrolysis of tht 
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]X>teritial Ly fluamable vapoi (and thus curtailment of their escape into the 
environment). Secondly, this endothermic pyrolysis action produces an in- 
trinsic fire ablation mechanic, and finally, yet a third protective mechan- 
ism ensues, in that the pyrolysis process produces a thin (but effective) 
char layer from the polyurethane itself, strengthening the overall ablative 
mechanism from the F6L, and further protecting the remainder of the foam. 
'Hils three-fold bonus act.. •m, which is non-operative in the absence of the 
FBI, itself, provides a considerable degree of synergism between FBL and cen- 
tral foam cushion. More interestingly, this synepgisri seems to be stronger 
with NF foam (a lighter and more desirable core cushion) than with FR foam! 
Finally, a fourth advantage is apparent, since it should be noted that the 
al uni ruin layer provides a degree of impermeability to the FBL wrapped around 
the foam core. This helps to prevent liquefied urethane vapor frcm dripping 
out of the cushion onto the floor, and forming small secondary pool fires 
underneath the banks of seats. This in itself is a valuable contributing 
factor in preventing the attainment of a lethal environment In the passenger 
cabin of an aircraft. 

We may simmarlze the various factors contributing to our rationale for 
materials selection, and limiting the cushion configurations tested: 

(1) Chemical modification of polyurethanes to provide fire retardant 
properties was eliminated based on Bricker’s work which showed 
lack of effectiveness in suppressing the pyrolysis rate. 

(2) There are no cannerclally available foam cushion systems which 
have all the qualities needed for a seat such as comfort and 
durability and yetprovide sufficient fire protection. 

(3) The most efficient metliod for ablative protection at hign heat- 
ing rates (5-14 W/arr ) Is to use a transpirat tonal mechanism 
ablater. The most efficient transpi rational ablater we know is 
neoprene highly loaded with A1(0H>3, which gives about 50% (by 
weight) injection rate of water into the environment (essen- 
tially, the ablater is spent completely before the foam cushion 
logins to decompose at all). 

It has been determined previously (Reference 2) that seat arrays heat block- 
ed with a neoprene FBL transpirational ablater at 1.0 kg/rrr (30 oz/yd^) 
was able to effect an increase of approximately 1 minute in the egress time 
when tested under large scale conditions. The major problem was that use of 
such an FBL produced an increase of 1.8 kg (4 lbs) in the seat, and is con- 
siderably more expensive to use. 


2.3 MATERIALS SELECTED : In formulating our restricted set of cushion con- 
figurations, the following components were selected : 

2.3.1 DECURATIVE CUVER MATERIALS: The upho, y material selected was a 
blue-colored standard wool/nylon blended fabric currently In use by a com- 
mercial airline company. 
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2.3.2 R)AM CUSHLWIIMG MAThJKlAL.3: Two types of cushioning foam were used in 

these studies, a. fire-retarded polyurethane (FR, with density of 20.9 
kg /111 , 1.87 lb/tt‘*) and a non-fire retarded polyurethane (MF, density of 

20.2 kg/m’ 5 , 1.-15 lb/ft^). A second form of NF foam was used for one 

Lost , involving a low density foam (10. 1 kg/nr*, 1.0 lh/ft^). 

(>m|x>?ltion of the NF’ polyurethane is given in Table 1. Composition of the 
KU |x>lyiirethane is not known (commercially controlled proprietary 

in formation) , bat it is assumed to contain chemically incorporated 
organo-halide and/or organo-ohosphorus components as the fire retardant. 

Table 1 : Contents of Non -Fire Retarded Polyurethane Foam 

Oomijonent Parts by Weight 


Pi lyoxy propylene glyool (3000 M.W.) 100.0 

Toluene di isocyanate (80:20 Isomers) 10b. 0 

Water 2.9 

Silicone surfactant 1.0 

Triethylenedinmine 0.25 

Stannous octoate 0.35 


2.3.3 KIRK H1JXXIN;i LAYKHS (FrfL): This is not a materials development 

study, but merely an experimental comparison of "off the shelf" materials. 
Rulential candidates are listed in Table 2 and are all commercially avail- 
able. As stated above, the optimum fire blocking seat should give equival- 
ent or better fire blocking performance than Vonar-3 with no increase in 
eonbitYiporary seat weight or price. 

Criteria were established to screen potential fire blocking materials 
prior to inclusion in this study. These criteria included: 

(a) fire blocking efficiency as it relates to weight, 

(b) mechanical properties with respect to comfort, 

(c) wear of the FBL, and 

(d) cost. 

\ny FBL that did not perform adequately in each of the above categories was 
disqualified. Several FBLs possessing optimum fire blocking efficiency 
under laboratory tests were also tested by the FAA in full-scale tests 
(C-133) to determine fire propagation under the simulated postcrash fire 
conditions. Wear properties were not evaluated in detail and only prelimi- 
nary and partial results are given in the report. Complete test results 
will be provided in a separate report. 
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TAHLE 2 : SEAT CUSHION CONFIGURATION SELECTED FOR EVALUATION 


Config- 

uration 

Poamt 

PI re-B locking 
Layer (PBL) 

PBL Weight 
kg/m 3 os/yd 3 

Suppliers of 
Plre Blocking Layers 

1 

PR urethane* 

none 




2 

PR urethane* 

Vonar-3, 0.48 cm (3/16 In) 

0. 01 

27.07 

Chris Craft Industries 
1980 Bast State St. 
Trenton, KJ 08819 

3 

PR urethane* 

Vonar-2, 0.32 cm (3/18 In) 

0.87 

10.07 

Chrlc Craft Industries 
1080 East State St. 
Trenton, NJ 08810 

4 

PR urethane 

L3-200 neoprene 0.05 cm (3/8 In) 

3.0 

84 

Toyad Corporation 
18 Creole Drive 
Pittsburg, PA 15230 

5 

PH urethane 

Preox 1100-4 

alumlnlsed Preox fabric, 
plain weave, neoprene 
CTD, P/N 1200013 

0.30 

11.53 

Centex Corporation 
P.0. Box 315 
Carbondale, PA 18407 

6 

PR urethane 

Norfab 1 1HT-30-A1 

alumlnlsed on one side, 
352 Notes a , 70* Kevlar 
Si Kynol, emave structure 
1x1 plain 

0.40 

11.8 

Autex Corporation 
1033 Stonebrldge at. 
Norrietosn, PA 19404 

7 

PR urethane 

1S1 g-Olasa, Satin (save 

0.30 

0.2 

Uniglass Industries 
Statesville, NC 

8 

NP urethane* 

Vorar-3, 0.48 cm (3/18 In) 

0.93 

37.07 

Chris Craft Industries 
1980 Bast State St. 
Trenton, IU 08819 

9 

NP urethane 

Norfab 1 1HT-26-A1 

0. 40 

11.8 

Amatex Corporation 
1032 Stonebrldge St. 
Norristown , PA 19404 

10 

L3-300 Neoprene 

none 




11 

Polylmlde 

none 




12 

NP urethane light 

Norfab 1 1KT-36-A1 

0.40 

11.8 

Amatax Corporation 


1031 Stonebrldge 8t . 
"rirrlstoen, PA, 10404 


Note* on Table 3: 


*11 decorative upholstery Is • wool /nylon blend fabric (R78423 Sun gcllpse, Aaure Blue, 78-3SB0) 
by Collins 4 Altman, Albemarle, NC. 


I Suppliers of roams: 

PR urethane (No. 3043 PA foam, density of 20.0 kg/m 3 or 1.8T lb/ft 3 ): 
North Carolina roam, P.0. Boa 1*13, Ht. Airy, RC 27030. 

NP u.'etbans /medium firm, ILD32, density of 33.4 kg/m 3 or 1.45 Ib/f* 3 ): 
Poam Cr„ft, Inc.. 11110 Business Circle Dr., Cerritos, C* 907U1. 

NP ureihane light (10. 1 kg/m 3 or 1 0 lb/ft 3 ): 

Poam Craft, Inc., 11110 Business Circle Dr., Cerritos, CA 00701 

Polylnlde foam (10.3 kg/m 3 or 1.3 lb/ft 3 ): 

International Harvester, 701 Fargo Ave. , Elk Grove Village, !L 60007 
L3-300 neoprene foam; Toyed Corporation. 


* These polyurethane foams sore covered by a cottcn/muslln fire-retarded scrim cloth, selrhlng 
0.0* kg/m 3 (2.8 os/ yd 3 ) . 
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2. 1 I-' mi''. mSTINti OF CANDIDATK SKAT CUSHION CONFIGURATIONS : The second task 

dosrrilxri in the agreement whs to evaluate candidate seat -cushion/ FBI, con- 
figurations using a series of fire tests ranging from small sample tests to 
largo scale tes t.s on full banks of seats. 

’>.1.1 NASA-AMbM T-B BUKNbK TKST RESULTS: A series of initial screening 

tests for potential candidate blocking layers was conducted by Scientific 
Services, Inc. (Redwood City, CA) for NASA. The objective of these tests 
was to onpare the effects of thermal exposure on the standard seat cushion 
( the baseline reference seat was taken to be FR polyurethane covered by a 
wool -nylon blended decorative fabric) and a number of candidate FBL config- 
urations, by measuring the time that it took to raise the temperature of the 
surface of the foam material in each sample to the degradation temperature 
(typically :K)0° C or 598° F). Hie test procedures used are delineated in 
App'iidi x A-l. Basically, 22.9 x 22.9 an (9 x 9 in) areas of the various 
seat cushion configurations were exposed to heat fluxes of 11.3 W/an 2 
(9.9b Ht.u/ ft 2 / sec) and 8.9 W/cm 2 (7.49 Btu/ft 2 -sec) in the NASA-Ames 
T-B brick furnace. Thernncouples 'Mere placed at varirjus depths In the foam. 
The FBLs tested are listed in order of descen d ing time for the foam to reach 
;«) 0 ° 0 . ‘ “ 

LS-200 neoprene - 0.95 cm (3/8 in) thickness 
Vonar-B - 0.48 cm (3/16 in) thickness 
Vonar-2 - 0.32 cm (2/16 in) thickness 
Nurfab 1 1HT-26-A1 
I •‘reox 1100-4 
181 E-0lass 
no FBL 

Unfortunately, the heat flux in the T-3 burner test is too high to dis- 
criminate between small differences in test results. 


B. 1.2 THKUMA1 , t NAlIAtTKIU/ATION OF MATERIALS: Hie physical characteristics 
under thermal stress of the candidate cushioas were determined using 
thennogravlmetrie analysis (TGA), differential scanning calorimetry (DSC), 
and the NASA-Ames MBS Smoke Density Chamber. The NBS smoke chamber gave the 
m<st conclusive data. In TOA, the samples are heated at a constant heating 
rate, usually under a nitrogen atmosphere, and the weight loss recorded as a 
function of temperature. Hie [olymer decanposltiori temperature (POT), the 
Umjx^rature wtiere the rnass loss mte is the highest, the temperature of 
complete pyrolysis, and the final diar yield in percent, are determined as 
characteristic parameters. In D6C, the electrical energy required to 
maintain thermal equilibrium between the sample and an inert reference is 
measured as a function of temperature. By calculating the peak area on the 
chart, and the direction of energy flow, the endo- or exo-thermi ci ty of 
trarisi tioiis can lx? determined. Appendix 0-1 contains more complete data on 
the thermal characteristics of the materials used In these tests. 
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2.4.'$ MASS INJECTION STUDIES INTO THE ENVIHOfMENT: The primary purpose of 

these experimental determinations was to determine the extent with which tne 
polyurethane foam decomposed on pyrolysis and gave rise to mass injection 
into the environment of the highly flammable uretlmne vapors suspected of 
causing flash-over and other fire related phenomena. This investigation was 
done for NASA by San Jose State University (Appendix G-’ ) to determine "he 
weLght loss factors sustained by the urethane foam cushioning material, as 
well as the other seat components, both as a function of time, and as a 
function of the thermal flux incident on the front face of seat cushions. 

Tire NBS anoke chamber was nodi fled to measure weight loss as well as smoke 
density, as a function of time, at a specific heat flux in the range from 
1.0 W/cm 2 (0.88 Btu/ft 2 /sec) to 7.5 W/on 2 (6.61 Btu/ft 2 /sec). Two 
burning conditions were simulated by the chamber: 
radiant heating in the absence of ignition 
flaming combustion in the presence of supporting radiation. 

Test samples ("mini-cushions'') are approximately 7.62 x 7.62 cm (3 x 3 in) 
in sl/e and 1.27 on (0.5 in) to 2.54 cm (1.0 in) thick, composed of urethane 
foam wrapped and protected by a heat blocking layer, and wrapped and secured 
by w>ol /nylon upholstery. Ffech component of the seat configuration is 

weighed individually. The samples are suspended from the balance and 
subjected to a known heat flux in the NBS chamber. Mass readings are taken 
every two seconds via an automated balance. After the test, the sample 
cushions are opened carefully, and the remaining urethane foam is weighed to 
determine weight loss of the foam Itself. 

It was assumed initially tiiat fire protection performance for each of the 
components would yield a final additive effect; this hypothesis was tested 
by use of single component samples thermolyzod under identical procedures to 
that used for the composite mini -cushion. No correlation was found. As 
mentioned before, in some cases, use of the highly flammable NF foam (and 
not PR foam) actually improved the overall performance of the sample. These 
results were based on mass injection measurements. The decorative fabric 
proved to have little influence on the performance of the heat blocking 
layer, although previous testing established that this component contributed 
markedly to the smoke content of the environment. After initial testing, it 
was determined that the amount of gas originating from the urethane foam 
Injected into the air would be the best criterion to choose in following the 
thermal, degradation of the seating material. However, much of the urethane 
foam was seen to decompose to a liquid rather than direct vapor, seen also 
in the McDonnell Douglas full scale testing procedure (see Appendix D-l), 
and overall mass loss could not be partitioned between direct vapor 
injection into the environment, and this liquid phase injection fran the 
polyurethane foam. 



12 


The specific miss injection rate for Vorvar~3 protected seat cushions was 
found to be over tialf that measured for the baseline system of wool/nylon 
decorative cover over FK foam alone. This in itself Is a substantial 
reduction, albeit with a weight penalty. However, Preox 1100-4 and Norfab 
1 1HT-26-AI gave lower mass injection rates than Vonar, with the added bonus 
of art even lower weight penaLty than Vonar. 

'Ha* mass injection rate into the environment is predicated on the mass lost 
by the urethane foam itself, an assumption that is empirically reasonable. 
A relative Figure of Merit ( POM) is defined in terms of the mass Injected 

into the environment i.or any thermal flux, the seat cushion size (surface 

area exposed) and time of exposure to the fire source. 

. . [Heat Flux]. [Area Exposed] . [Exposure Time] 

KOM = [q]/[m] 

[Weight Loss by Polyurethane Foam] 

Samples which exhibited superior performance have been arbitrarily defined 
as those which have an FCM greater than 5 X 10^ wattB • sec/gram at 
2.5 W/cm 2 . Thus, the larger the POM, the greater the fire blocking 

performance exhibited by the sample. Of the configurations exhibiting an 

PCM > 5 X 10^ , it is important to note that 8Cft utilize Preox 1100-4 as 

the heat blocking layer over NF foam. Moreover, samples with ventilation 
holes punched through the heat blocking layer to allow "breathing" (merely 
an increased possibility of dissipative cooling effects) by the foam showed 
the best heat blocking performance. 


2.4.4 CABIN KIKE SIMULATOR TEST RESULTS: The Douglas Aircraft Company 
performed full scale seat bank tests on 13 different seat cushion configur- 
ations (Appendix D-l). Fire blocking layers, when present , covered all 
sides of the cushion. The 13 configurations used are listed in Appendix 
D-l. Dimensions of the top cushions were 43.2 x 60.9 x 5.1 can (17 x 24 x 2 
in) and of the bottom cushions were 45.7 x 50.8 x 5.1 cm (18 x 20 x 2 in). 
Die tests were performed in a Cabin Fire Simulator (CFS) which is a double- 
walled steel cylinder 365 cm (144 in) in diameter and 1219 cm (480 in) long. 
A view port allowed photographs (closed circuit television) to be taken 
during testing. Chrcmel-alumel thermocouples were placed inside the seats 
to monitor temperatures, and heat flux calorimeters were installed to moni- 
tor tiie heat flux from an array of 46 quartz heating units, which produced 
10 W/cm 2 (8.8 Btu/ft 2 -oec) at 15.2 cm (6 in) from the surface of the 
panels. The seat cushions were weighed prior to the tests. A propane gas 
lighter was Ignited just as the heat flux was switched on. This ensured 
reproducible ignition of the urethane vapor, and produced a severe fire test 
configuration. The radiant heat panels remained on for 5 minutes. After 15 
niinuti's, the tests wore ounplote. Hie residue was removed from the seat 
frame and weight'd. 



13 


Character Lst Leal ly , the polyurethane foam thermally decomposes under the 
extreme heat into a fluid form and subsequently to a gas. In the fluid 
form, the urethane drips from the seat cushion ento the floor, forming a 
puddle or pool. This pool of urethane fluid gives off gases which are ignit- 
ed ly burning debris falling from the seat. This results in a very hot pool 
fire engulfing the seat in a matter of minutes, and must be controlled in 
some manner if realistic egress times are to be achieved. 

Of the fire blocking layers tested, the ones which showed less than 25% 
weight loss, and therefore gave the best performance as a fire blocking 
layer are: 

LS-200 neoprene 
polyimide with polyester 
Norfab 11HT-26-AI (FR foam) 

Preox 1100-4 (FR foam) 

Vonar-3 (NF foam) 

Detailed results may be found in Figure 1. LS-200 neoprene and polyimide 


Figure 1: WEKHT LOSS OF VARIOUS CUSHION CONFIGURATIONS 


cusHton 



PERCENT VEIOtT LOSS AFTER 10 MINUTC3 


are advanced foams which are used as both the fire blocking layer and the 
central cushion itself. They are superior to the fire blocked systems 
tested in fire protection performance. The major disadvantage of LS-200 
neoprene is a large weight penalty. Fljually, polyimide foam provides good 
fire protection, but the foam is extremely hard and uncomfortable, and es- 
sentially fails the "comfort index" criterion. This is discussed further 
under "Mechanical Tests". 
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When the fire blocking layer is able to contain the decomposing urethane 
by-products (as in those FBI., configurations using aluminized fabrics that 
are impermeable to liquid products), the cushions closest to the heat source 
burn with less intensity, generating a minimum of heat. More important!/ , 
they are unable to ignite adjacent cushions. However, when the decomposi ng 
urethane fluid is able to escape fran the fire blocking envelope and form a 
|xv>l on tiie floor, an uncontrolled fire erupts which results in total ixirn- 
ing of all cushion materials. Hie aluminized fire blocking layers, both 
Morfab 11HT-26-A1 and Preox 1100-4, provide significant fire blocking both 
via their aluminum reflective coating, and their non-permeability. Seam 

constructions significantly affected results of these tests. Had the seams 
held, not allowing liquid by-products to pour out onto the floor, the 
overall, seat degradation process may have been even less severe. Seam 
design is a factor which needs fur ther examination. 

Tests were performed with both Norfab 11HT-26-A1 and Norfab without the 
aluminum backing, and indicated that aluminized materials provide a great 
deal more fire protection, presumably (as stated before ) involving hoth 
radiant reflective effects and obviation of localized heating effects. 

Tiie Figure of Merit comparisons derived by normalizing the efficiency of the 
blocking layers tested with resjiect to Vonar-3 over FR urethane are listed 
in Table 3, along with other pertinent data to determine the most efficient 

Table 3: MASS I JOSS DATA AS A CRITERION OF HEAT BLOCKING PERFORMANCE 

AT 2.5 W/ cm2 


coot 

DESCRIPTION 
OF HEAT 

BLoacnc 
LAYER am.) 

THIQOffSS 
CF HK. 
on 

SURFACE 
DOOITY* 
OF HBL 

g/ar* 

SPECIFIC 

HA kg 

DUSUTMN 
. RATE 
a g/car . Me 

ncui£ 

OF 

wxtte.aac/g 

RELATIVE 
ruuiE 
OF WRIT*** 

i/t„ x 1001 
0 

RAM 

ESTIMATED SEAT WEIGH 

KF Foaa FR Ftxn 

(grara) (grwra) 

291 

Hone/ 

Wool-Nylon/ 
KF Urethane 

0.0 

0,0 

12xl0' 5 

2.1x10* 

45 

7 

1040 

1542 

3 

Vonar 1/ 
Wool -Nylon 
Iff Urethane 

0.152 

0,055 

7.3xl0' 5 

3.4x10* 

51 

6 

1721 

2113 

15 

Voruir 3/ 
Vtool -Nylon/ 
NF Urethane 

0.463 

0,111 

5.U10' 5 

4.9x10* 

104 

4 

2035 

2426 

369 

100 A1 (up) 
Cellnx/Ubol- 
Nylon/NF Ure. 

0,069 

0.039 

3.3xlO" 5 

7,6x10* 

162 

2 

1699 

2090 

372 

101 Al(vp) 
Cellox-Vbol- 
Nylon/NF Ure. 

0.071 

0,053 

2,8x10 ^ 

8.9x10* 

189 

1 

1528 

1919 

375 

Norfab/ 

Wool -Nylon/ 
NF Urethane 

o.oee 

0.040 

4.5xl0" 5 

5.5x10* 

117 

3 

1539 

1930 

17 

\tanar 3/ 
Wbol -Nylon/ 
FR Urethane 

0,463 

0.111 

5 , 3xlO" 5 

4.M0* 

100 

9 

2035 

2426 


; - , ;V 


♦hm HEA1 




UCQL-NYIXfl FABRIC: 591 grsna per Mat 
IT KjDQUJC LAYER 


-NF IRUMANE: 
fR IDCTHA1C: 


449 grora par (ut 
840 grsna ;.r me 


Dcnaltlaa can ba calculated from theae 
veluee and the Indicated HBL thlcknen data, 

"Density • Surface Denatty/IW.ckneet" 

q la a atandard haat flux of 2,5 ua'.tx/cm^ 

* 

Scaled relative to t, for Vonar III heat 
blocking layer with .. value of 100 
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fire blocking layers. It is true that Vonar-3 performs letter at the higher 
heat flux level of r 7.5 W/un 2 (6.6 Btu/ft 2 -eec) , but at the heat level of 
interest, 5.0 W/cm 2 (4.4 Btu/ft 2 -see) , it was approximately equal to the 
other heat blocking layers. However, complete data at 5 W/an 2 are r.ot 
available at this time. Both Preox and Norfab perform well as fire blocking 
layers, with no great difference in performance between the two. It can 
also I*; seen from Table 3 that Vonar performs equally well with both non- 
fire retarded and fire retarded flexible polyurethane foams. Plots have 
been made of the FOM versus heat flux for both types of foams with various 
tin* blocking layers, and they may be found in Figures 2 and 3. 


Figure 2: THERMAL EFFICIENCY COMPARLSON OF HEAT BLOCKING LAYERS FOR 

PR URETHANE AS A FUNCTION O' HEAT KLUX AT 2 MINUTES ELAPSED TIME 


— O— WOOL NYION/F.R. UR6i HANE #387 
■••O" ■ WOOLNYLON/VONAR J* COTTON #17 



'Hie Irtl-E Glass fabric exhibited the lowest fire protection at 5.0 W/on 2 
(4.4 Btu/ft 2 -sec) when the exposure time was averaged over a 5 minutes 
period, and intuitive reasons would indicate that these inert inorganic 
materials, which are unable to provide ablation protection, probably will 
not prove to be worth-while FBI, materials. 

A cost/w?ight penalty study of the different blocking layers shows that the 
re-radiation cooling systems (in general, aluninized fabrics) provide far 
better cost-efficiency than the trarispi rational and dissipative cooling 
systems such as Vonar-3. These results, and the comparability of the fire 
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Figure 3: THERMAL FFFICIENCY COMPARISON OF HEAT BLOCKING LAYERS FOR 

NF l IR ETHANE AS A FUNCTION OF HEAT FLUX AT 2 MINUTES ELAPSED TIM!’ 


21 — O- WOOL NYLON/F fl. URETHANE #M7 



HEAT FLUX, tV/cm 2 


protection performance shown In this study, point in favor of aluminized 
fabrics for possible use as cost efficient heat protection systems for the 
polyurethane foams. 

For clarity in presentation of thermal performance as a function of weight, 
the plot shown in Figure 4 is most useful. It can be seen that the Vonar 
sysfiDms do not meet the desired performance criteria. Vonar-3 ir too heavy 
and Vonar-1 is not sufficiently protective. Preox 1100-4 easily meets both 
of these criteria. 

Results of these studies are summarized in terms of a standard tourist-class 
aircraft seat in Table 4. Again, these results show that on a weight basis 
both candidate ablative fire blocking layers are about three times more cost 
effective than Vonar-3. These figures are conservative. Seats can probably 
be manufactured and used without the cotton/rnuslin seat cover, and other 
weight savings can probably be realized in practice. 

Finally, it should be stated that, although Preox 1100-4 offers slightly 
superior fire protection performance when compared to Norfab 11HT-26-A1, it 
is soon that non-fire retarded polyurethane foam with aluminized Norfab 
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1 lilT— 2t>— A1 as a blocking layer comes closest to meeting the target goal of 
this study, namely, equivalent fire performance to Vonar-3 arid the smal lost 
increase in seat weight. 


Figure t: ItHATIVE FIGURES OF' MERIT FOR SE3 jHCTFX) HEAT HULKING MATERIALS 

USED TO PROTECT NF UKKTHANK FOAM VERSUS ESTIMATED SEAT WhlOTTS 
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Table 4 : RELATIVE RANKING OF CANDIDATE PIKE IV - OKED SEAT 

CONFIGURATIONS IN TERMS OP THERMAL PERFORMANCE 


FIRE BLOCKER 

FOAM 

SEAT WT 
KG 

a 

WT 

c* 

NOME 

F.fi, URETHANE 

(baseline) 

1.54 

0 

0.48 

PHE0CT 

N,F , UnETHANE 

1.52 

-1 

5,1 

VONAR-3 

F,R. URETHANE 

2.57 

467 

5.9 

PRX0X 

F , R , URETHANE 

1.91 

+24 

7.6 

NORFAB 

N.F, URETHANE 

1,53 

0 

B.4 

VCNAR 

N.F, URETHANE 

2.18 

+41 

B . 9 

NORFAB 

F.R. URETHANE 

1.93 

+25 

11.0 


H EAT FLU X 


t ■ SPECIFIC HASS INJECTION RATE 
INPUT HEAT FLUX: 2.5w/CM 2 

EXPOSURE TIME: 2 HiN, 


>L_i 

G 



7 


SEAT BOTTOM 
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:i. DKVKiniWKNT ()[•’ WEIGHT AND ECONOMICS ADXKIlHlfi FOR SELECTED SEAT CUSHIONS 


Armi*; the specific tasks outlined In the NASA/PAA agreement was to provide 
juvurate weight differentials, manufacturing and operating cost information, 
pertaining to each of the seat conf igurati oas for the projected U.S. fleet 
nvi-r a 10-year period. This information ms to be provided by a computer 
pro' run developed ir\ ft suitable manner for use by the FM. 

H.t t iKVKLOPMKMi’ OF A WEICHT ALGORITHM: The problem has been addressed for 

NASA "by BOON ,~Tne~. and Informatics, Inc. (Appendices E-l and F-l). They 
have developed a methodology to calculate estimated costs of the manufacture 
and use of advanced aircraft seat cushion configurations. ’Ihe primary focus 
was to evaluate the cost impact associated with manufacturing and flying 
various seat configurations on the U.S. Fleet. The data has been organized 
into the following groups or files '*hich allows for great versatility by the 
program user: 

$ cus hion dimension s data : aLlows varying dimensions in the 

seat height, width, and depth 

<i c ushion materials data : Lists all materials used in the various 

— configurations and a brief description of 
each material, including estimated costs 

S c ushion configurations : defines seats comprised of six possible 

layers (upholstery, scrim cover, heat blocking 
layer, airgap layer, reflective layer, and 
foam), taking into account the cost and weight 
of each component 

§ r eference cushion configuratio n; allows generation of comparative costs, 

^ conpared to absolute costs, by allowing for 
changes in data on the reference cushion 

<■> air craft fleet projection data : allows changes in the projected U.S. 

fleet size as given by the FAA 

$ ’ new’ aircraft delivery schedule data : allows for changes in the 

estimated on-line aircrafts coming into use 
in the U.S. fleet 

S fuel cost projections data: allows change in the projected fuel costs. 


A detailed logical flow of the program, taking into account all of the above 
parameters, is «iven in Appendix F-l. .An outline of the algorithm for the 
current cost model of these seat modifications is shown in Figure 5. 
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Figure 5: ODEL CONFIGURATION OF THE OOMPl/rER ALGORITHM 

FOR DETERMINING OOHT/WIIGHT EFFECTIVENESS OF 
SHAT CUSHION BLOCKING I .AYERS 



The results of applying this program to Vonar-3, Norfab 11HT-26-A1, and 
Preox 1100-4 FBLs are shown in Figure 6. Average cost to manufacture and 


Figure 6 : ALGORITHM COST EVALUATION OF CURRENTLY AVAILABLE FOAMS AND FIRE 

BLOCKING IjAYFRS AT EQUIVALENT FIRE PERFORMANCE AND COMFORT 
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f ] y | ioi* year for a five year jjeriod v^d. Uh FHLs, each with a wear life of five 
'"*ars, are plolttrl as a function of average seat foam density. The average 
■ f foam densities of fir-* retarded and non-fire retarded flexible 
polyurethane foam have been indicated as 27.2 kg/nr and 22.4 kg/ nr* (1.7 
and 1.4 pounds [».*r cubic foot), respectively. The use of non-fire retarded 
polyurethane foam is -jorisidered to be a viable option for this application. 

It; is not certain at this point what the lower density limit is for the use 
of non-fire retarded polyurethane foam while still maintaining the necessary 
durability and comfort parameters. 

It is shown in Figure 6 ttiat Preox 1100-4 and Norf^b 11HT-26-AJ as candidate 
Fills with non-fire retarded polyurethane foam could cost as little as $6 mil- 
lion dollars, whereas the Vonar-3 modification could amount to about five 
times ;ls much, or $28 million dollars. 


r^a_ C OMPABATIVfe; ECONOMICS OF USE K)R SELECTED SEAT CUSHION CONFIGURATIONS : 
Informatics, Inc. , (Appendix E~l) implemented the set of programs based on 
the weight methodology developed by BOON, Inc. , with an interactive computer 
process to compute costs to build and fly various aircraft seat configurat- 
ions. These programs allow the user to tell the computer to store informat- 
ion about costs and characteristics of seat materials, material suppliers, 
fleet composition, aircraft characteristics, fuel prices, and seat designs. 
'Hie user inputs test results, costs to make the seats, seat composition, and 
seat life in the computer for each design, then directs the computation of 
seat weight and costs. Costs are projected for ten years, based on annual 
donand/use demographies for seats. The frequency and method of seat 
replacement, route/usage information, as well as the composition of the 
fleet each year, determine the overall seat demand. 

The complete program, along with the user's manual, may be found in Appendix 
E-l. A typical Cost Summary Report given by this program is found in Table 
5 lx* low. 
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Tab !♦» 5: PROJECTED COSTS THrtlUCH 1980 POK THE PURCHASE AND FLYING OF SOME 

SKL» TED SEAT CONFIG [RAT IONS USING ONE PARTICULAR METHOD O’ SEAT 
REP! AC’KMUNT 



CODER 881 

U0HAR9 
CODER 882 

NORFAB 
CODER 889 

NORFAB LIGHT 
CODER 012 

METHOD 

SEATLIFE 

GRAD 
3 YRS 

GRAD 
3 YRS 

GRAD 
3 YRS 

GRAD 
3 YRS 

COST TO FLY (1986) 

91966. 

84139. 

57196. 

98889. 

COST TO BUY (1986) 
MATERIAL 

6986. 

7634. 

13312. 

13312. 

MANUFACTURING 

11799. 

11799. 

11799. 

11799. 

TOTAL COSTS (1986) 

78391. 

183971 . 

82387. 

79288. 

DELTA COST-FLY (1986) 

8 . 

32972. 

9638. 

-1477. 

DELTA COST-BUY (1986) 

8 . 

648. 

6326. 

6926. 

DELTA COSTS (1986) 

IS. 

33228. 

11996. 

4849. 


* Cwts in Table 5 are given in thousands of dollars. 

0)01# 001 - unprotected FR urethane (used as our baseline reference cost) 

(JODE# 002 - Vonar-3 protected FK uretliane 

QDDEP 009 - Norfab protected NF urethane 

<T)DE^ 012 - Norfab protected low-density NF urethane foam 


In Ap|jendix E-l are cost summaries using the three replacement methods for 
the 12 configurations indicated in Table 2 on page 9. Three methods of seat 
replacement are used in calculating the replacement costs involved: a 

"gradual" (GRAD) replacement of the seats, depicting the present attrition 
rate of used seats, a "no replacement method" (NQRP) which is replacement of 
seats in new aircraft only, as they are introduced in the fleet, and an "im- 
mediate" (IMMD) replacement of all seats in the present fleet. Table 5 
gives costs for a gradual (GRAD) method of replacement of aircraft seats 
over a 3 year period. 

Table 5 presents comparison costs (relative to baseline figures based on a 
wool/nylon covered FR foam seat) of some selected seat configurations, for 
one particular replacement method. It is pertinent to note the change in 
(delta) costs for each configuration (purchase/nnanufacturing costs, and 
flying costs associated with heavier or lighter (negative) seat configura- 
tions). Note that conf iguracion 12 in the column CODE it 012 is 

l.CLu/ft-^NF foam plus an F!3L of light-weight Norfab is actually lighter 
than unprotected FR foam, and produces a lesser operating cost ($1.5 million 
less) than our haseline. 
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MECHANICAL WEAR TESTING AND ASSOCIATED OOMPQRT FACTORS 

Optimum fi.re blocking layers evaluated in the Cabin Fire Simulator at 
Douglas Aircraft Company were to be further tested by a major seat 
manufacturer for selected mechanical properties. The tests include wear 
durability, indentation load deflection, tear resistance, and any others 
selected by the seat manufacturer. 


4. 1 HD TEST RESULTS : Preliminary load deflection test results are found 

in TAble 6. For a baseline comparison , Configuration Number 1 may be used. 
Note carefully the 25% load deflection weight for polyimide foam. A figure 
of 77.0 pounds to cause a deflection of only 25% points to an extremely 
in fl ex i ble and , there fore , uncomfortable seat . 


Table 0: SEAT CUSHION ASSEMBLIES 

load Deflection Test Results Fter ASTM-O-1564-71 -Method A 


Ooof Ig- 
il ra t Ion 
Nuaber 

Deacrlptlon 

Load 781 
Pr *e t reaa 

Thlckneaa 
with 1 lb. 
Preload 

Load 281 
Deflection 
(1 alnute) 

ILD 28 

toed at 
681 

ILD 68 

ILD 68 

ron 


N.P. Urethane, 2 In. 


2. 18 

IB* 0 


41.0 




P.R. Urethane, 2 In. 


1.988 

32.2 


63.0 



1 

W/N; 

F-R. Urethane, 3 In. 

168 

3.174 

44 

0.88 

91 

1 • 82 

2.07 

2 

t/H; Vonar-3, 3/18"; 
P .R . Urethane , 3 l n . 

196 

3-883 

48 

0.92 

100 

2.00 

2.17 

5 

W/N; Preox 1100-4; 
F.R. Urethane, 3 In. 

182 

3.210 

88 

1.1 

97 

1.94 

1.76 

8 

W/N; Vonar-3. 3/18"; 
N.P. Urethane, 2-7 In. 

138 

3.248 

31 

0.83 

69 

1.38 

2.33 

11 

Polrlnlde Foaja, 2 In. 
W/N; Preox 1100-4; 


1.874 

77.0 


329.0 




N.P. Urethane, 3 In. 

100 

3.098 

29.8 

0.89 

87 

1.14 

1.93 


I/N Wool /Hy Ion fabric 

ILD: Indentation Load Deflection 


This factor alone disqualifies the polyimide foam seat, which otherwise is a 
fine candidate, showing premising fire protection properties as shown in 
Figure 1, as well as being a remarkably lightweight seating material. 
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All other data fron the fire blocking layers tested here show acceptable 
indentation load deflection. An acceptable range is considered a load 25% 
deflection (1 minute) of 29 to 55. 


4.2 WEAR TESTS : Preliminary wear tests were conducted by Boeing Canmercial 
Ai rplane Company using the apparatus shown in Figure 7. Results from these 
tests are shown in Table 7. As can be seen, the Norfab 11HT-26-A1 material 
slowed a minimum of 50 hours of wear stress under these testing conditions. 
Additional tests will be conducted in the near future to compare the 11 
different seat conf iguratioas used in this study. Results of the wear 
listing wi LI he given in a later report. 


Figure 7: WFAK TESTING APPARATUS USED BY THE BOEING COMMERCIAL 

AIRPLANE COMPANY TO TEST WEAR DURABILITY OF SEATING 
MATERIALS 


Actuating mechanism 


Seat weight- 
140 lbs ‘ 

63.5 Kg 

Pant: fabric- 
100% polyester/ 

2 bar tricot knit 



E Vertical motion 

<> 


(ViA ll Rocking motion- 13.5 cpm 
V ^ 25* arc 


2 minute cycle 
1 minute 10 seconds contact un cushion 


Cushion rotation- 18 cpm 
35* a re 


* 20 seconds In up position 
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Table 7: WEAR nURABIUTY O' VARIOUS SEAT CONFIGURATIONS 


MATERIAL DESCRIPTION fEIGHT SEAT *BAR TEST RESULTS 

oz/sq yd kf/ot 3 


Norfeb lalumlnus up) II 

preox (aluminum up) IS 

Preox (aluminum up) 23 

plua 9 oz PS l 

Plrotex (bonded to 8 

decorative upholstery) 

Plrotex (bonded to decoratlv 11 

upholstery) plus 9 oz PBI 
Dunlop *orex 191 9 nra 28 

L3200 - 3/8 In 38 

Vonar-3 (cotton) 2d 

9 Ol PBI » 


0.37 

90 

hours ulnlmiua eear 

0.01 

29 

hours, incipient tellurs 

0.78 

No 

test ps' formed 

0.20 

90 

hours, vary poor 

0. 37 

No 

test performed 

0.99 

50 

hours slnlnua ssar 

1.29 

90 

hours minimum ssar 

0.81 

90 

hours minimum ssar 

0.31 

No 

teat performed 
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5. SUMMARY 


Major accompl i shmen ts fran this program are listed below. 

§ A complete model and computer based algorithm have been developed to de- 
termine the cost/weight effectiveness of the foams and fire blocking 
layers tested. Detailed reports are given in Appendices E-l and F-l. 

5 The NASA T-3 burner test results described in Appendix A-l were 
inconclusive in determining the fire protection afforded by various fire 
blocking layers and foams, and dots not appear to offer a viable small- 
scale testing procedure for these purposes. 

§ Full scale laboratory testing has been performed at Douglas Aircraft, and 
is shown to be a viable test methodology for comparison of the fire 
performance of oanplete seat banks. This testing is described in Ap- 
pendix D-l. 

§ A convenient and accurate laboratory based test method of measuring the 
fire performance of seat configurations has been developed. This test 
has been graphically described in Appendices C-l and G-l. 


From these studies, the two most effective methods of seat cushion fire 
protection have been examined and are described below. 

(1) Those which use t ra nspiration al cooling, typically composed of 
Al(0H)3» perform best in high heat fluxes. The doped neoprene foams 
work by dehydrating in the case of a fire, cooling by dissipative emis- 
sion of water vapor. Their major drawback is the weight needed in such 
ablative materials. IXte to this weight penalty, they would be quite 
oostly for use by the U.S. fleet. 

(2) Aluminized thermally stable fabrics work by re-radiation and/or lateral 
conduction of the heat produced by the fire and provide excellent high 
temperature insulation. These are the most desirable types of blocking 
layers to use for these purposes because they show satisfactory fire 
performance and carry very little weight penalty. 
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6 . CONCLUSIONS 

Re-examining the experimental facts given in Section 2.4, we may 
draw some meaningful conclusions concerning the best choices for 
fire protection of aircraft seats following a postcrash fire. 

In order to increase survivability of passengers, best described 
quantitatively in terms of the available egress time needed to va- 
cate the passenger cabin in the event of a fire, the seat surfaces 
must be protected from the intense radiant heat fluxes. It has 
already been shown that no present technology is available to protect 
the polyurethane foam by internal chemical molecular modifications, 
thus, external physical protection is the only viable method. The 
following points need delineation: 

* No outstanding improvements are seen in fire blocking layer 
protection capabilities when fire retarded urethane foams are 
used. In fact, FR foam actually is inferior in performance to 
NF foam when used in conjunction with some FBL materials under 
certain test conditions. 

* NF foam has distinct beneficial weight saving attributes. 

* Ail requirements are presently met with Norfab 11HT-26-A1 at 
0.38 kg/m^ (li oz/yd2). This material provides equivalent, if 
not better, thermal protection performance based on small scale 
tests to Vonar-3, and improves the weight penalty aspects by 
more than 4-fold. In small sc ; testing of aluminized fabrics, 
no differences were noted in seat cushion fire protection with 
the aluminized coating turned inward towards the foam or outward 
towards the wool/nylon fabric. However, significant differences 
were noted when aluminized FBL materials were used with NF versus 
FR urethane foam. This is shown in Appendix G-l. 

* Vent holes may be required on the under side of the seat cushions 
to permit venting of the pyrolysis gases produced from the 
urethane foam, thus reducing the risk of a sudden and immediate 
release of these gases and larger flame propagation. 
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APPENDIX A - 1 


NASA Burn Tests of Seat Cushions 

Pinal Keport, Contract NAS2-11U64, Scientific Services, Inc. 


Editor's Note: Sections of this Appendix have been deleted for 

the sake of brevity. A complete copy of the 
original manuscript may be obtained upon request. 
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NASA BURN TESTS OF SEAT CUSHIONS 


INTRODUCTION 

This report presents the results of a series of tests on candidate aircraft seat 
blocking layers conducted by Scientific Service, Inc., for the NASA- Ames Research 
Center, under Contract No. NAS2-11064. A total of 109 tests on 19 candidate 
NASA-supplied samples were performed. 

The objective of these tests was to compare the effects of thermal exposure on 
the standard seat cushion (which uses a wool-nylon blend fabric covering and an FR 
urethane filler) and on a number of candidate seat cushion configurations by 
measuring the time that it took to raise the temperature of the surface of the foam 
material in each sample to the value that could cause degradation of the foam 
(typically less than 300 Celsius). 


TEST ARRANGEMENT AND INSTRUMENTATION 

This test series was conducted using the NASA-Ames T-3 furnace (see Fig. 1), 
The furnace, which has been in use for many years at NASA, is a firebrick-lined box 
that uses a forced air JP-4 fueled burner. See sketch in Fig. 2. This furnace is 
coupled to an air scrubber and filter system to prevent the combustion products from 
being released into the atmosphere. A schematic of the filter system is shown in 
Fig. 3. 


Since the T-3 furnace had not been used for several months, a calibration was 
performed to determine the length of burn time required to achieve a steady-state 
condition. Approximately li hours were required to obtain this steady-state 
condition, which was defined as a constant flux reading (using a slug calorimeter) 
maintained over a period of 15 minutes. 




F'g. 2. total! of T-l Furnaca. 
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During the test program the furnace was allowed to reach this steady-state 
condition at the desired flux prior to insertion of the samples. Two exposures v<ere 
used — 11.3 W/cm^ (10 Btu/ft^.s) and 8.47 W/cm^ (7.5 Btu/ft^s) — that are typical 
of what might be expected in an aircraft cabin fire. The materials were placed in a 
steel frame that prevented edge effects from influencing the tests and also 
furnished support for the test objects so that they could be inserted and removed 
from the furnace safely and easily. (Fig. 4 presents photographs of the frame with 
a sample ready to test and one posttest.) The candidate materials were put into the 
support frame with the wool-nylon blend material* first, and then the other 
materials were layered according to the specific test case. The area of the samples 
exposed to the fire was 22.8 cm x 22.8 cm (9 inches x 9 inches), and they were 
burned from the bottom because of the nature of the T-3 furnace. 

The instrumentation included the slug calorimeter, noted above, and from one 
to three thermocouples on the samples. On samples using Fiberfrax, one 
thermocouple was placed on the surface of the Fiberfrax. On samples containing 
foam, three thermocouples were used, one at the surface of the foam, and one each 
at depths of 4.7 mm (3/16 inches) and 7.9 mm (5/16 inches) from the surface toward 
the exposure. Fig. 5 shows the thermocouple locations for the various sample 
configurations. 

The procedures for a typical test were as follows: Once the furnace reached a 

steady-state condition with a flux reading within + 5 per cent of the required value, 
the frame containing the test sample was moved next to the lid of the furnace. 
This lid was moved quickly to the side and replaced with the sample. The sample 
was left in the furnace until the thermocouple at the foam (or Fiberfrax) interface 
reached 300°C. The sample was then placed on top of the furnace lid because, in 
most cases, there was still smoke and flame coming from the sample and the hood 
above the furnace captured the smoke and put it through the filter system. After 
the sample extinguished itself and cooled, it was removed and photographed. 


* In this case the material used by Pan American Airlines, which is similar to the 
the seat covering of all commercial aircraft. 
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Fiq. 4. Samples, Pro- and Post-Test. 



V 



Fig. 5. 
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TEST RKb ’ ,TS 


A summary of the test results is presented in Table 1. The various blocking 
materials investigated are listed in this table in order of descending time to reach 
300°C at the filler interface. Time-temperature plots for each test are presented 
in Appendix A. 

It had originally been planned to make weight measurements of the samples 
and to measure char thickness. Since many of the samples continued to burn after 
removal from the furnace it was decided that such measurements would be of little 
value. 

Photographs were taken of each test and these have been delivered to NASA 
separately. 



16 



i « ■ a « 

• B * C | 

Tire (SCO 





T CMPERRTUSE (DEG C) TEMPERRTLRE (DEG C) 


37 


WOOL-NYLON, VONRR 2/FR URETHRNS! 


TEST 36 



nt .n P * 


t»w*« 



i * a i 

Gael 


TIME (SEC) 


WOOL- NYLON, LS 200 2 INCH 


TEST 10? 



f 




i 


4 «.n (- 


rm.m f- a « \ 

1 THERMOCOUM.E I - 0 

[ TKCPHOCOUPLC « - x 

' * 44 T«HMOCOUPLE 3 - ♦ 

| * * 

am ^ • — * i — - 1 

s 8 a a t 

4 a Ji c a 


TIME (SEC) 



38 



wool - r;YL-o;. t nopfrb/fr urethrne 


TEST 55 



■.« 


TEMPERfiT'JRi .DEG C) 


39 


WOOL-NYLON, 101 E.GLRSS/FR URETHRNE 


TEST 41 



WOOL-NYLON, VONRR 3/NF UPFTHRNE 


TEST 47 






'EMPERRTURE (KG 


40 


wool ON, NOPFRB/i 4 'JPf T HfiK?; 


TtSJ_6t 




J 


lat.n 


* 


-) 


iMl'u!. 



I 

c 


THCTMOCOUPLr 1-0 

thowocojuc i - » 

THCWoeoup.r » - - 



TIME (SEC) 


WOOL-NYLON, LS 200 2 INCH 



TIME (SEC) 



TfPERRTURE l DEG C ; 


41 


S00!.-fiY!.0!i/P: 

TEBT CO 

r~— *r- r~ v- ■ f- 


f'ORil 


im.m l 

I 

r 

i 


t . 

U.M *■ 


r 

>.n 


„ i. 

■ 

8 


8 

8 

TIME :SEC) 


■'HtWOCOU'. 

TMCHtlOCOUPl 

TirnHOCxjun 



inn n 



42 


APPENDIX B-l 


"Optimization of Fire Blocking Layers for Aircraft Seating" 

J.A. Parker and D.A. Kourtides 

Presented at the 7th International Conference on Fire Safety, SRI 
International, Menlo Park, California, January 11-15, 1982. 
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OPTIMIZATION OF FIRE BLOCKING LAYERS 
FOR AIRCRAFT SEATING 


John A. Parker and Demetrius A. Kourtides 

National Aeronautics and Space Administration, Ames 
Research Center 
Moffett Field, CA 94035 


Presented at the 7th International Conference on Fire Safety 

SRI International 
Menlo Park, California 

January 11-12, 1982 
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The use of ablative materials In various forms, such as cellular structures, 
coatings and films to provide thermal protection for heat sensitive substrates 
against the action of large jet fuel fires is well established (1). Low density 
foam polymers with low thermal conductivity, high temperature stability and high 
thermochemical char yields or high transplrational cooling rates, such as those 
foams fabricated from isocyanurates , phenolics, imides and hydrated chloroprenta , 
all have been found to be effective in extending the times required for fuel tank 
cook off and fire penetration to the structures of transport aircraft immersed in 
large fuel fires. Char forming ablative coatings, are widely used in extending 
the time before detonation of military ordinance exposed to similar fire threats. 
The use of functional fabrics as ablatives is new. 


Among existing, commercial polymers, one would be hard pressed to find a 
more thermally sensitive substrate than conventional flexible polyurethane foams, 
and probably from a mechanical point of view no better cushioning material with 
a cost of something like $0.15 per board foot. These polymers because of their 
easily pyrolyzed urethane groups and thermally oxidizable aliphatic linkages exhibit 
polymer decomposition temperatures of the order of 250°C, and encounter a maximum 
pyrolysis rate at 300°C with a total yield of py’-olysis vapor of about 95%, most 
of which is combustible. One should expect these materials to ignite easily with 
low power energy sources of 2,5 watts/cm 2 or less and when Ignited effect sustained 
flame propagation even after removal of heat source. To be sure all non-fire 
retarded flexible urethane foams that we have examined to date confirm these 
expectations. From thermogravimetrlc studies (2), it is evident that the addition 
of standard fire retardant additives have little or no effect on the maximum decom- 
position rate, the temperature at which it occurs or the vapor production yield. 

In fact, one observes the same average mass injection rates of combustible gases 
under a sustained radiant heating rate from flexible polyurethane foams whether ^ 
fire retardetj or not. This gas production rate can amoun£ to as much as 10-20x10 
grams per cm per second at heating rates of 2.5 watts/cm even when covered 
with contemporary upholstery. Kourtides has shown that this flammable gas pro- 
duction rate^iiicreases almost linearly with the applied heating rate up to about 
six watts/cm , heating rates which are fairly typical of the usual trash or jet 
fuel fire. A value of 4x10-4 g/ cm 2 / sec f 0r hydrocarbon injection at surfaces has 
been found to effect sustained propagation and flame spread. 

2 

A sustained heating rate of approximately 5 watts/cm applied to one seat of 
a three seat transport array comprising flexible polyurethane foam, fire retarded or 
not, will produce flame spread and ignition to the adjacent seat in less than one 
minute, resulting in sufficient fire growth to permit flames to impinge on the 
aircraft ceiling In less than two minutes. The time required to produce these 
events and the resulting increases in cabin air temperatures should be expected 
to fix the allowable egress times for passengers attempting to escape the aircraft 
in a post crash fuel fire. 


This paper then examines the question of the possibility of increasing the 
available egress time for passengers, from a transport aircraft, in which the 
flexible polyurethane seating is exposed to the action of a large pool fire which 
we must assume can provide at least 5 watts/cm 2 radiant heat flux to the seats, 
by providing sufficient ablative protection for polyurethane cushioning. These 
fire blocking layers must suppress the combustible mass injection rates of the ^ 
polyurethane below the somewhat critical values of 4x!0~4 gm/cm 2 /sec at 5 watts/cra 
as a performance criteria to prevent flame spread and subsequent flashover. 


All commercial transport aircraft are, at this moment, fitted with fire 
retarded flexible polyurethane seat cushions, bottoms, backs and head rests with 
an average foam density of 1.7 lbs/cu ft. With average seat construction, there 
are about five pounds o' foam per seat. For 2000 aircraft with an average of 
200 seats per aircraft, this amounts to about two million pounds of flexible 
polyurethane foam in urse. 

The options that one might consider as seating alternatives to effect 
improvement in the flreworthlness of aircraft interiors through modifications o: 
existing cushioning materials are outlined in Figure 1. The same classes of high 
char yield polymers that are known to b* outstanding ablative materials such as 
phenollcs, imides, polybenzimidazoles, etc,, can be made fire resistant enough to 
prevent propagation and flashover as replacemanta for polyurethane in seats. As 
indicated, when they are designed to be fire resistant enough, they all suffer in 
varying degrees from serious limitations because of cost, processability, comfort 
and durability (brittleness). For example, polylaides in general are about 50 
to 100 times more expensive than basic flexible polyurethanes w'ch might result 
in a replacement cost of 50 to 100 million dollars for the existing U , S- fleet. 

There may be some fire retardant additivus for flexible polyurethane foams 
that could improve their thermal stability and suppress the combustible gas 
production rates at sustained high heating rates. We do not know of any. 

The only real option that exists at present with commercially available 
components seems to be the fire blocking approach that is to provide cost and 
weight optimized ablative foams, coatings or fabrics. It is believed that the 
limitations in comfort, decore, durability, 4 increases ; Ip ship set weight penalty 
may be overcome by the approach taken in this study. 

The objectives for this study are re-stated specifically in Figure 2. 

The key property requirements for an acceptable blocking layer for aircraft 
seating fall into two Important categories as shown In the figure, namely fire 
performance objectives, and seating performance requirements. In this study, 
only those materials that possessed only the fire blocking efficiency necessary 
to prevent fire propagation from seat to seat under the simulated post crash 
fire conditions conducted by the FAA in full scale tests in a C-133 fuselage 
were evaluated for durability, comfort, wear and manufacturability. Only those 
cushion systems that approached state-of-the-art performance In seating performance 
were evaluated with regard to cost. These screening gates, the controlling 
algorithms and materials data base have been reported separately (3) . 

The various ablative or fire blocking mechanisms available from existing 
materials systems that are possible candidates for blocking layer design are 
outlined in Figure 3. Vonars, a family of low density, high char yield foams 
containing a large fraction of water of hydration la perhaps the best candidate 
of this class currently available. It Is available in two practical thicknesses 
from 3/16" to 1/16". The high temperature resistant polymers with decomposition 
temperatures in excess of 400°C, and high char yield polymers such as the PBI's, 

Cel iox ,& Kynol with char yields In excess of 60Z are excellent candidates for re- 
radiation protection. Suitable ablative felt fabrics which are also good 
insulators have been prepared from these polymers in fiber form. 
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The action of the ablative matrix to Induce vapor phaae cracking of the 
combustible gas generated from the slow pyrolyses at low temperature of the 
substrate can be very important especially in applying ablative materials as 
fire blocking layers. All of these materials In sufficient thicknesses in 
combination or individually can provide the required degree of thermal protection 
nacesaary for fire safe polyurethane cushioning. The question to be answered 
la which combination provides the correct amount of protection to keep the vapor 
production rate of polyurethane foam somewhat less than 10 -20x10-5 giams /cm 2/ see 
under an incident heating rate of 2.5 watts/cm^. 

Fabrics, felts and mats with excellent high temperature insulation properties 
can be obtained as indicated from non-ablative, Inorganic, dielectrics such as 
silica and Fiber f rax. Highly reflective continuous surfaces, which also function 
to distribute the incident radiant e...jrgy and thus reduce the local heat loads, 
such as aluminum foils must also be considered. 

Another ablative mechanism which becomes exceedingly important in controlling 
the effective mass injection rate, is the ability of the ablative matrix to 
initiate vapor phase cracking of the combustible vapor species generated by the 
low temperature pyrolysis of the polyurethane substrate. 

All of the mechanisms listed and any of the material examples Indicated can 
alone or in combination provide the required degree of thermal protection necessary 
for securing fire safe polyurethane cushioning capable of defeating the action of 
large aircraft fuel fires when used in sufficient thi.^'aaa , The first question 
that the research reported here attempts to answer is T.t mechanism and material 
or combination provide just the amount of protection required at a minimum weight 
of ablative material per unit area. 

Materials which depend on transpiration cooling by mass injection cart be 
very efficient at high heating rates, Inelr efficiency Increases monotonically with 
the incident heating rate above 7 watts/ cm 2 . As will be shown, transpiratlonal 
systems are less efficient on a weight basis than systems based on the other 
mechanisms discussed, in the fire environment of the post crash aircraft fuel fire. 
To date, material ByBtemu that combine one or more combinations of heat 
rejection mechanisms, such as 2, 3, 4 and 5 provMe the most efficient ablation 
systems for designing blacking layers for contemporary polyurethane seats. 

A generealized schematic for the kinds of optimum fire blocking layers to 
be discussed in this paper, indicating the main heat blocking mechanisms is 
shown In Figure 4. Earlier studies on the internal isotherm recession rates of 
char forming ablative foams (4) exposed to the typical aircraft fuel fire environ- 
ment demonstrated that re-radiation from the non-ruceedlng fire stable char surface 
and the ,low thermal diffusivity of virgin foam dominated the minimization of the 
pyrolysis isotherm rate. Re-radiation can be effected by either reflection with 
an emissive surface of aluminum or a hot char surface. At present, we understand 
that the use of aluminum surfacing on high temperature stable and or char forming 
interlayers is important in redistributing the local incident radiation, and the 
hot char or carbonized interlayers dominates the re-radiation process. Thus, 
aluminized char forming high temperature materials such as Gentex's Celiox or 
Amatex'a Nor fab , provide the best combination of mechanisms. Efficient fire 
blocking layers are by no means limited to these kinds of materials. 



In the case of the ablative protection of a flammable substrate, such as 
a flexible polyurethane wherein a limited amount of controlled py. jlysis Is 
allowable, internal char formation by thermal cracking of the urethane ryrolysls 
vapor is extremely beneficial. That part of the evolving combustible g„a which 
is fixed as char does of course not participate in the external flame spread and 
the flashover processes. To avoid rupture of the fire blocking layer, ic Is safe 
to provide some venting as indicated to manage the pressure drop within the 
cushion structure. 
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The results obtained with mini test cushions at 4 minutes and 2.5 watts/cm 
incident thermal flux are shown In Figure 5. It can be seen that the aneroblc 
pyrolysis of the flexible polyurethane foam has produced a stable char residue 
from the virgin foam and also hy thermal cracking on the hot surface of the 
aluminum layer. When the aluminum layer is external to the blocking inner layer, 
it still forms inside the porous blocking layer. 

Based on the results obtained to date, the two commercial products shown 
in Figure 6 provide the required degree of fire protection, to prevent propagation 
due to aircraft seats in a simulated post crash fire at the lowest weight penalty 
and lover blocking layer costs. It Is our opinion that these blocking layers can 
be used with any weight effective resilient cushioning foam without regard to 
the foam's inherent flanmabillty. 

It is of Interest to examine a means of quantitatively characterizing the 
efficiency of fire blocking layers in laboratory fire durability tests to predict 
their performance in full scale tests. 

In Figure 7, the efficiency of any fire blocking layer has been defined 
as the ratio of the Incident radiant heating rate, to the rate of production 
of combustible gas produced per unit area per second, generated by the pyrolysis 
of the substrate polyurethane foam. This efficiency should be able to be measured 
experimentally by any one of three methods Indicated In equation tiro by the 
recession rate of the pyrolysis Isotherm into the substrate, by equation three 
by measuring the actual amount of gas generated per unit area per unit time and 
finally with a knowledge of the heat of combustion of the specific gases generated 
from the substrate, from heat release calorimeter measurements. Measurement of 
recession velocities is extremely difficult experimentally. Both methods 3 and 
4 give good reproducible results and efficiencies measured by both methods give 
acceptable agreement. One should note, as pointed out above, that the mass 
injection rate of the substrate Increases monotonlcally with heating rate, and that 
the efficiency as defined here should decrease with increased heating rate up to 
about 7 watts/cm^. This has been found to be the case as reported by Kourtldes (23. 
It is clear that heat blocking efficiencies must be compared at Identical heating 
rates. 


An empirical relationship between these laboratory measured efficiencies 
and the thermal performance of a particular kind of fire blocking system is shown 
in Figure 8. An allowable egress time in minutes has been plotted as a function 
of the fire blocking efficiency as defined for three different fire conditions used 
in the C-133 full scale test article, a zero wind, 2 mph and 3 mph. The fire 
severity as measured by the average heating rate in the vicinity of seats 
Increasing accordingly. With the Vonar converted seats, the average heating rate 
of seats is about 5 watts/ era at zero condition, and could amount up to 10-12 
vatts/cnr in the most severe conditions with 3 mph wind. 
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It is clear from this figure chat either Vonar 3 or LS-200 both non-metallized 
components which provide protection by ablative trauspirational cooling alone give 
as much as 5 minutes of available egress time. The unprotected flexible polyurethane 
seat gave something less than two minutes whereas the empty aircraft gave survival 
times in terms of temperature only well in excess or ten minutes. One pressing 
matter these preliminary results put to rGBt is the question of the role of Interior 
materials in the postcrash fire, namely that the interior materials fir 'ability, 
in this case the seat array exr sed to the post crash fire, is a major factor in 
post cra^h fire survivability under the conditions of FAA's average design fire 
(5). These of course are seat only tests. These test results perml': one to cali- 
brate fire performance in terms of Vonar 3, a performance that is considered to 
provide an acceptable benefit in the post crash fire. In these tests, Vonar 3 
with a cotton skrlm replacing the usual cotton batting gave an Increase of about 
26 oz per sq yd of seat covering material. It Is the primary objective of this 
investigation to see if it is possible to achieve equivalent fire blocking layer 
performance from other materials at reduced weight and hence coats. 

In Figure 9, a simple relationship has been developed between the allowable 
egress time and the efficiency and density of a fii..; blocking layer. Equation 8 
approximates the allowable egress time in terms of the specific fire blocking layer 
efficiency, the aerial density and the applied heating rates. Of course, this 
determines weight of the fire blocking layer per seat by equation 10. It should 
be clear that the higher the efficiency of the fire blocking layer (specific), 
the longer the available egress time. The design equation 8 permits one to 
select a predetermined egress time and tailor the ablative to give a maximum 
efficiency at. a minimum aerial density. 

Since this is not a materi 's development study but rather a short term 
comparison of off the shelf items, we have elected to compare fire blocking 
efficiencies of candidate materials with Vonar 3’s performance, as a standard 
of comparison, and then compute the effect of their use on the average seat 
weight. Ideally, the optimum fire blocked seat should give equivelent fire 
blocking performance to Vonar 3 with no increase in contemporary seat weight. 

The specific mass injection rates obtained for both fire retarded and 
non-fire retarded flexible polyurethane foams in the form of mini cushions 
described by Four tides are shown in Figure 10. These values were obtained at 
2.5 watts/cm 2 , It can be seen that the mass injection rate for the Vonar 3 
covered foams is about one-half the value for that of the unprotected sample, and 
also these configurations with Vonar gave acceptable performance in the C-133 
test. It can also be seen that both Gentex’s Celiox and Norfab gave lower mas^ 
injection rates than the Vonar at much lower aerial densities. 

This amounts to a weight penalty of something less than half of that for 
the ablative fire-blockers a c compared with the Vonar 3 system. Also in Figure 
10, a relative figure of merit for the ablative fire blocking layers has been 
developed by normalizing the efficiency of the fire blocking layers with respect 
to Vonar 3, a relationship which seems to hold up to applied heating rates of as 
much as seven watts/cm 2 , at which rate Vonar begins to be somewhat more efficient. 

It can also be seen that the low density Celiox (six ounces per sq yd) , is the 
most efficient fire blocker stuided so far. 

It can also be deduced from Figure 10 that the fire blockers perform equally 
well with both non-fire retarded and fire-retarded flexible polyurethane foam 
as predicted. 
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The non-fire retarded polyurethane foam with Celiox 100, In this test comes 
very close to meeting the target goals of this study, namely equivalent fire 
performance and the smallest increase in seat weight. It can also be seen It 
is about twice as efficient as it needs to be even at this low aerial density. 

The mass injection rates as a function of fire blocking layer thickness are 
plotted in Figure 11. Again these results have been base-lined with respect to 
Vonar 3' a performance at 2.5 watta/cm , at 5x10-5 grams per cm 2 per sec. It can 
be seen that the efficiency of Vonar decreases monatoalcally with thickness, 
whereas the ablative fire blocking layers increase with decreasing thickness. 
However, at present durability and wear become limiting factors for currently 
available fabrics at thickness much less than 0.1 cm. It Is believed that a 
lower limit of about 6 oz per sq yd la the lower thermal limit for that class of 
fabrics, and one should expect a rapid loss in thermal efficiency below this value. 

For convenience of optimization with respect to thermal performance and 
weight, a plot as shown in Figure 12 is useful. Here we have plotted the 
relative figure of merit as defined with respect to Vonar 3 as a function of 
average seat weight. It can be seen that the Vonar systems do not meet the 
desired performance criteria. Vonar 3 la too heavy and Vonar 1 is not sufficiently 
protective. Both the Norfcb and Cellox's easily meet both of these criteria. 

The Cellox based system can be seen to give a somewhat better fire performance 
margin than the Nor fab. 

These results are summarized in te'^ma of a standard tourist class aircraft 
seat in Figure 13. Again these results show that on a weight baala both of the 
candidate ablative fire blocking layers are about three tlmea more cost effective 
than the Vonar' a on a cost to fly baala. The figures are conservative because 
the seats can probably be manufactured and used without the cotton muslin seat 
cover . 


The outline of the algorithm for the current cost model of these seat 
modifications ie shown in Figure 14. In this paper only the element which 
addresses the calculation of relative Increase In costs to manufacture and fly 
these new heat blocked seats for an average tJ.S. fleet of 2000 aircraft with 
an average of 200 seats per aircraft will be discussed. 

This program searches the data base for candidate heat blocking layers, with 
the minimum, thermal protection values, and the wear and comfort limits shown In 
Figure 15. The algorithm then requires the inputs as outlined and outputs the 
cost difference to fabricate and fly a fire blocked seat per one year compared to 
the standard seAt. 

The results of applying this program to Vonar 3 and the ablative fire blocking 
layers now considered optimum are shown in Figure 16, Cost to manufacture and 
fly per year for a five year period with fire blocking layers, each with a wear 
life of five years are plotted aa a function of average seat foam density and 
the aerial density of acceptable fire blocking layers. The average seat foam 
densities of fire retarded and non fire retarded flexible polyurethane foam 
have been indicated aa 1.7 and 1.4 pounds per cubic foot. The use of non-fire 
retarded flexible polyurethane foam is considered to be a viable option for this 
application. 



In Figure 16, it can be seen that currently available ablative fire blocking 
layers with non-fire retarded polyurethane foam amount to about 6x10° dollars 
per year whereas ghe Vonar 3 modification could amount to about five times ; 
much, about 28x10 million dollars. 


Further optimisation is also indicated in Figure 16, if a 6-7 oz per sq 
Celliox based fabric could be developed with a five year wear. This could amount 
to as little as 1.5x10° million dollar per year for five years. 


Concluding Remarks 


All known flexible polyurethane foams suitable as aircraft seaLing are 
about equally flammable and provide approximately the same thermal risk to 
survivability under the conditions of the design fire established for the 
post crash simulation scenario in the C-133 full scale tests. 

All presently known and acceptable flexible cushioning foams require about 
the same degree of fire blocking protection to suppress this threat. 

Adequate fire blocking protection can be achieved through replacement of 
cotton batting slip covers with a wide variety of fire blocking layers. 

Of all of the known fire blocking layers investigated, the Vonar series is 
the least efficient on a cost/weight basis for fire protection of domestic 
transport aircraft. 

Among the known fire blocking layers the metallized high temperature resistant 
char forming ablatives appear to be optimum. At the present this practical opti- 
mization is limited to aerial densities In the range of 10-12 oz per sq yd. 

Further developmental work could drive these down to 4 to 6 oz per sq yd which 
might provide an equivalent cost to build and fly to current seats. 

On the basis of both radiant panel testing, heat release calorimetric tests 
and limited C-133 tests, (correlation among these laboratory test methods and 
with limited full scale tests In the FAA's C-133 are good to excellent), show 
that both Norfab and Centex Cellox are far superior to Vonars and provide a 
cost effective degree of fire protection for polyurethane products heretofore 
not available. 
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liJKrt£NT MATERIALS OPTIONS FOR IMPROVEMENT OF THE FlfEWORlHINESS OF 
DOMES! l r TRANSPORT AIRCRAFT INTERIORS IN POST CRASH FUEL FIRES 


1. F 1 WE RESISTANT HON-HETALUC (POLYMERIC) HATER JAL 

COMPONENTS LIMITATIONS! HIGH COSTS, DIFFICULT 
PRO.:SSAblL|Ty, BRITTLE, 


'Until I- Al lull • HI IN nil AK I I lllll l-I.ASIIt, 

AND LlJSIOHEHS WITH FIRE RETARDANT ADDITIVES, 

LIHITATItNS: NO I EFFECTIVE UNDER CONDITIONS OF POST 

CRASH FIRE, 

5, CCVEHIHu f IRC SEN* , t I VE SUBSTRATE (PANELS, SEATS, ETC,) 

HUH Abi.A I | VE COATINGS OH FIRE BLOCKING LAVERS 

LIHITAMOIIS: DECORE, DURABILITV (HEAR), i INCHL/ SE IN SMIPSEI, 


HEIGHT PENALTY 


FIGURE 1 


SHORT TERM 

OPTIMIZATION OF POST CRASH FIRE PERFORMANCE AND 
COSTS OF TRANSPORT AIRCRAFT SEATING 

- PROJECT OBJECTIVES - 


1, Provide efficient heating blocking material components for contemporary 

AIRCRAFT CUSHIONING: 


<A> To REDUCE THE RATE OF FIRE SPREAD THROUGH CONTEMP0RART 

CABIN INTERIORS INITIATED BV A FUU-Y DEVELOPED POST CRASH 
FUEL FIRE 

(b) To INCREASE THE EGRESS TIME UNITED BV CONTEMPORARY INTERIORS 
IN SUCH FIRES 


2, Provide a minimum increase in ship set weight for contemporary 
TRANSPORT AIRCRAFT 

(A) To MAINTAIN EQUIVALENT CUSHIONING EFFICIENCY 

(b) To utilize commercially available heat blocking naterial 

AND REASONABLE CONSTRUCTION METHODS AND MANUFACTURING COSTS, 


Figure ? 
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FIRE BLOCKING MECHANISMS 
AVAILABLE FOR PRODUCT DESIGN 


1. Taanifibation Cooling (Vonaas) 


2, Rebaoiation 


Insulation 


f HisM Temperature Stable 
Lon Conductivity / 

CLon Density \ / 

j Closed Cell V 1 1 

IThernally Stable) V 


H pbu \ 

Cel to* | 
Kynol / 


^Silica, Panox \ 
F I berf ax, None* j 
l Phenol ic-Ki croballoons / 



2 , 3, 4 and 5 - Host efficient combinations for fire blocking 


Figure 3 


skmlizq opt i iui fix Roams later 
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TYPICAL EXAMPLES 
Of 

OPTIMUM FIRE BLOCKING LAYER 


Gent in Cdmmbbcuu-Y available tXAm.ii 

Aluminum Ciliox — 11-16 oi/yd? -- Cd»T IlS-lB/to to 

NoAfAi (Aluminum-Silica ♦> 11-12 ozAn 1 2 - Cost *20 ♦/» to 
Many other analogs ivitw mhiiu 

at uni LAN COST, NT t AMT t FERFORMANCE 


Alum i hum- Pamx 1 

Aluminum-Kyncl ) Any mi ah ablative efficiency suffobt fob 

AluMINUM-PBI ) AOOC ALUMINUM MEAN HI* FACE 

Aluminum-Caaaon Filled Polyurethane) 


(Can be used with any neiaht effective resilient nithout regard to flexible 

FOAM FLAMMABILITY) 


Figure 6 


fiOVERHfCHT EQUATIONS 
TO EVALUATE THERMAL PERFORMANCE 

1. £ ■ lw>UT £w - RGV (Basic Efficiemcv Equation) 

Mass Material Reacted 


2, Efficiency from T-3 Test (Foam Recession Velocity) 

Ej «^Rad 9,0*® ■ Input Heatih6 Rate 


*e 


k “ Recession Velocity 
6 - Foam Density 


3, Efficiency from Radiation-Hass-Loss Test 


c{rad 


Mass Injection Rate 


4. Efficiency from Heat Release calorimeter Test 

Ej h * Specific Heat Combustion 

3H 

K 

ALL TESTS COMPARABLE BY E^-E, 


Ficure 7 
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OPTIMIZATION METHODOLOGY FOR 
FIRE BLOCKING SEAT CONSTRUCTION 

1. SEARCH DATA BASE FOR FIRE BLOCKING EFFICIENCIES 

£2- A.O HATT-SEC/GRAM 

2. SEARCH DATA BASE FOR ALL OF (1) WITH HEAR EQUAL TO GREATER THAN 5 YEARS 

I 2" S YEARS 

3. SEARCH DATA BASE ALL FOAMS WITH I DENTATION LOAD DEFLECTION AT 
251 55-10 PS I 


1. 

2, 

5 , 

H, 


INPUTS TO CALCULATE OPERATIONAL FLEET COSTS 


SEAT GEOMETRIES 
FOAM DENSITIES 
AREA DENSITIES 
FLYING HEIGHT FUEL COS!., 


5, MATERIALS COSTS 

6. SEAT MANUFACTURING COSTS 
1. AVERAGE ANNUAL SEAT DEMAND 


OUTPUTS 

1, VARIATION IN COST DIFFERENCE TO FABRICATE AND FLY FIRE-BLOCKED SEAT 
COMPARED TO STANDARD SEAT FOR ONE YEAR 


Figure 15 
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Abstract 


Aircraft seat materials were evaluated in terms of their 
thermal performance. The materials were evaluated using (a) 
thermogravimetric analysis, (b) differential scanning calorimetry, 
(c) a modified NBS smoke chamber to determine the rate of mass 
loss and (d) the NASA T-3 apparatus to determin - ' the thermal 
efficiency. In this paper, the modified NBS smoke chamber will 
be described in detail f ince it provided the most conclusive 
results. The NBS smoke chamber was modified to measure the weight 
loss of materials when exposed to a radiant heat source over the 
range of 2.5 to 7.5 W/c.n 2 . This chamber has been utilized to 
evaluate the thermal performance of various heat blocking layers 
utilized to protect the polyurethane cushioning foam used in 
aircraft seats. Various kinds of heat blocking layers were 
evaluated by monitoring the weight loss of miniature seat cushions 
when exposed to the radiant heat. The effectiveness of aluminized 
heat blocking systems was demonstrated when compared to conventional 
neat blocking layers such as neoprene. All heat blocking systems 
showed good fire protection capabilities when compared to the 
state-of-the-art, i.e., wool-nylon over polyurethane foam, 


Introduction 


One of tae major fire threat potentials in commercial passenger 
aircraft is the nonmetallic components in the pap^enger seats. The 
major components of aircraft passenger seats are the polymeric 
cushioning material and, to a lesser degree, the textile fabric cover- 
ing; together they represent a large quantity of potentially com- 
bustible material. Each aircraft coach type passenger seat consists 
of about 2.37 kg of non-metallic material, the major component being 
the seat cushion. Since modern day wide-bod” passenger aircraft have 
from 275 to 500 passenger seats, the total amount of combustible 
polymeric material provides a severe threat to the environment in the 
cabin in case of either on-board interior fire or post-crash type 
firre which in addition involves jet fuel. 

A major complication in research to develop fire resistant 
aircraft passenger seats, is to assure the laboratory method chosen 
simulates real life conditions in case of a fire scenario onboard 
an aircraft or a post-crash fire. In this study, a non-flaming 
heat radiation condition was simulated. 7.6 cm x 7.6 cm samples 
made to resemble full-size seat cushions were tested for weight loss 
when exposed to different heat fluxes from an electrical heater. The 
measurements were conducted in a modified NBS smoke density chamber. 

It has been shown (1,2, 3, 4) that the extremely rapid burning 
of aircraft seats is due to the polyurethane cushions of the seats. 

In order to protect the urethane foam from rapid degradation when 
exposed to heat, three different heat blocking layers were tested. 
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Two were aluminized fabrics and one was neoprene type of material 
in two thicknesses. In all cases, urethane foam was enveloped in 
a wool-nylon fabric. 

Fabrics and foams put under a thermal load show a very complex 
behavior. Figure 1 illustrates the thermal behavior of a seat cushion 
with a heat blocking layer. When a heat blocking layer is introduced 
between the fabric and the foam, the complexity is expected to 
increase, especially if the heat blocking layer is an aluminized one 
as in some cases in this study. The protective mechanism for the 
urethane foam involves both conduction of the heat along the aluminum 
surface and heat re-radiation. 

Description of Equipment 


The test equipment for recording and processing of weight-loss 
data is shown in Figure 2. It consists of an NBS smoke chamber 
modified by the installation of an internal balance (ARBOR model //1206) 
connected to a HP 51.50A thermal printer, providing simultaneous print- 
outs of weight remaining and time elapsed. Data recorded on the 
printer was manually fed into a HP 9835 computer, processed and 
eventually plotted on a HP 9872 plotter (i.e., weight remaining versus 
time elapsed) . Also used was a HP 3455A millivoltmeter for the calibra- 
tion of the chamber. 

The NBS smoke chamber was modified two fold: (a) to permit a heat 

flux of 2. 5-7. 5 W/cm 2 and (b) to monitor weight loss of a sample on a 
continuous basis. 

The NBS test procedure (5) employs a nichrome wire heater to 
provide a nominal exposure on the spectrum surface of 2.5 W/cm 2 , 
which corresponds to ihe radiation from a black— body at approximately 
540°C, To simulate thermal radiation exposure from higher temperature 
sources, a heater capable of yielding a high radiant flux on the face 
of the sample was utilized. This heater is available from Deltcch Inc. 
This heater is capable of providing a heat flux of 2.5-10 w/cm 2 . 

Two burning conditions are simulated by the chamber: radiant 

heating in ^he absence of ignition, and flaming combustion in the 
presence of supporting radiation. During test runs, toxic effluents 
may be produced; therefore an external exhaust system was connected 
to the chamber. In order to provide protection against sudden 
pressure increases, the chamber is equipped with a safety blowout 
panel. Also, for added safety, a closed air breathing system was 
in. tailed for use while operating and cleaning the chamber. 

In this study, only the radiant heating condition was being 
simulated, using this electrical heater as the radiant heat source. 

The heater wan calibrated at least once a week using a water-cooled 
calorimeter connected to a millivoltmeter. Using the calibration 
curve provided by the manufacturer, the voltages which provided the 
desired heat fluxes (2.5, 5.0 and 7.5 W/cm 2 ), were determined. 
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When the chamber was heated up to the deseed temperature (and 
heat flux), an asbestos shield was slid in fi nf the heater. 

This prevented the adjacent chamber wall from ovt -heating and thus 
affecting the data. As mentioned earlier, this NBS smoke chamber 
was modified for recording of weight loss data by the installation 
of an electronic balance. The balance was mounted on top of the 
chamber with its weighing "hook" entering the chamber through a small 
opening. The chamber was then re-sealed by enclosing the balance in 
a metal container which was tightly fitted to the chamber roof. This 
balance was well suited to perform this particular task, because of 
several of its features. It provides a digital output to allow weigh- 
ing results to be transferred to external electronic equipment (in this 
case, the thermal printer), below the balance weighing, which was essen- 
tial, since the severe conditions inside the chamber during test runs 
were likely to corrode or otherwise destroy any weighing apparatus 
mounted inside the chamber. Also, the fact that it ascertains weight 
by measuring the electrical energy required to maintain equilibrium 
with the weight of the mass being measured. Instead of by measuring 
mechanical displacement, makes it well suited to measure a continuous 
weight loss. 

A desktop computer was used for data acquisition and storage. 

It provided an enhanced version of BASIC which includes an extensive 
array of error messages to simplify programming. The computer was 
equipped with an 80 by 24-character CRT (Cathode Ray Tube) display and 
a 16-character thermal printer for hard-copy printouts. One program 
written and used during the weight loss testing was PLOT wt. The pro- 
gram collected data from any test run stored on a data-file (the computer 
has a tape cartridge which reads the files from cassette tapes) , calcula- 
ted the weight remaining in %, and plotted the results versus time on a 
plotter hooked up to the computer. 

Description of h^ieriala 


The materials used in this study are shown in Tables 1 and 2. 

Three types of foams were used and four types of heat blocking layers. 
The densities of the foams and the fire blocker layers are also shown 
in Tables 1 and 2, with an estimate of the seat weight when constructed 
from these materials. Two flexible polyurethane foams were used, a 
fire-retarded and a non-fire-ret > ad. The composition of the non-fire 
retarded was as follows. 


«0!‘ i»!‘ 

Parts By Weight 

Polyoxypropylene g' ' * a. w.) 

100.0 

Tolylene di.: .< cyan. V-ij.G Isomers) 

105 

Water 

2.9 

Silicone surfactant 

.0 

Triethylenediamine 

0.25 

Stannuous octoate 

0.35 
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The composition of the fire retarded was not known but it may have 
contained an organo-halide compound as a fire-retardant. The 
composition of the polyimide foam used has been described previously 
( 6 ) . 


The fire blocking materials used are shown in Table 3. 

R 

The Nor fab 11 MT-26-A is a woven mixture of poly (p-phenylene 
terephthalamide) , an aromatic polyamide and a modified phenolic 
fabric. The fabric was aluminized on on side. The Preox^ 1100-4 
was based on heat stabilized polyacrylonitrile which was woven and 
aluminized on one side. 

The mechanisms of fire protection of these materials depends 
on heat re-radiation and thermal conduction along the aluminum 
layer. The Vonar^ 2, and 3 layers used, are primarily transpirational- 
cooling heat blocking layers. This compound is a neoprene foam with 
added A1 (0H 3 ) as a fire-retardant, attached to a cotton backing. 

The mechanism by which the foam works is based on the heat vaporiza- 
tion of the foam absorbed, thereby cooling its surroundings. 

nermal Characterization 


In order to thermally characterize the materials tested. Thermo- 
gravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC) 
were performed . 

In TGA, the samples are heated at a constant heating rate in 
either oxygen or nitrogen atmosphere and the weight loss recorded. 

The polymer decomposition temperature (PDT) , the temperature where 

the mass loss rate is the highest (max d (wt). 

dt '* fc " e tem P erat ure of 

complete pyrolysis and the char yield in X are then determined as 
shown in Figure 4. The results are shown in Table 4. 

In DSC, the electrical energy required to maintain thermal 
equilibrium between the sample and an inert reference, is measured. 

By calculating the peak area on the chart, the endo- or exothermity 
of transitions can be determined. This was done automatically on 
the analyzer used which was equipped with a micro-processor and a 
floppy-disc memory. One analysis is shown Figure 5 and the results 
in Table 5. 

Both TGA's and DSC'- were performed on DuPont thermal analyzers. 
Radiant Panel Test Results 


All of the configurations shown in Table 1 were tested in the 
modified NBS smoke dumber to determine the rate of mass loss. Prior 
to performing the weight loss experiments (radiant panel tests) on 
the complete sandwich cushions, weight loss experiments on individual 
components such as fabric, heat blocking layer and foam, were made. 

No detailed results of these tests will be reported in this paper, 
but a few observations might be worthwhile to report. 
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When, assuming that fire performance of the components were 
additive phenomena, the total weight loss of the components were 
added together and compared with a sandwich tested under the same 
conditions, no correlation was found. In some cases, testing 
with the highly flammable foam actually Improved the performance 
of the sample compared to testing the heat blocking layer alone. 

The decorative fabric proved to have little Influence on the per- 
formance of the heat blocking layer. Heat readily went through 
and the fabric burned off rapidly. 

After performing these initial experiments, it was clear 
that the weight loss profile of the samples could not alone 
provide a good criteria to determine the efficiency of the heat 
block. The criteria chosen was the amount of gas originating from 
the urethane foam Injected into the air . The possible steps for 
the thermal degradation of the flexible urethane foam are shown in 
Figure 6. 

After extensive Initial testing, it was determined to test 
the sandwich configurations shown in Tables 1 and 2. Configuration 
if 367 represents the state-of-the-art, i.e., the seat configuration 
presently used in the commercial fleet. 

All samples shown in Tables 1 and 2, were sandwich structures 
made up as miniature seat cushions. The sandwiches consisted of a 
cushioning foam inside a wrapping of a heat blocking layer and a 
wool-nylon fabric as shown in Figure 3. To simplify the assembly, 
the heat blocking layer and the fabric were fixed together with a 
stapler followed by wrapping them around the foam and then fixed 
in place by sewing the edges together with thread. 

Prior to assembly, the individual components were weighed on 
an external balance and the results, together with other relevant 
data were recorded. The samples were mounted In the chamber as shown 
in Figure 3. In order to prevent the heat from the heater from 
reaching the sample before the start of the test, a special asbestos 
shield was made . The shield slides on a steel bar and can be moved 
with a handle from the outside, which also enables the operator to 
terminate the test without opening the chamber door and exposing 
himself to the toxic effluents. 

The test was initiated by pushing the asbestos shield into its 
far position, thus exposing the sample to the heat flux from the 
heater and by starting the thermal printer. The test then ran for 
the decided length of time (1, 2, 3, 4 or 5 minutes) and was termi- 
nated by pulling the asbestos shield In front of the sample. When 
a stable reading on the printer was obtained (indicating that no 
more gases originating from the foam were injected into the chamber 
from the sample), the printer was shut off. After the chamber was 
completely purged from smoke the sample was taken out and allowed 
to cool down to room temperature. 
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The burned area on the side of the sample facing the heater 
was subsequently measured in order to standardize the test. This 
arei was normally around 5 cm x 5 cm and since the sample size was 
7 .j cm x 7.5 cm, this was thought to minimize edge effects (that is, 
changes in the heat spread pattern through the sample caused by the 
heat blocking layer folded around the sides of the foam cushion) . 

Finally, the sample was cut open and the remainder of the foam 
scraped free from the heat blocking layer and weighed on the 
external balance. This was done to determine the amount of foam 
that had been vaporized and injected into the surroundings. 

Results and Discussion 


The samples shown in Tables 1 and 2 were exposed to heat flux 
levels of 2.5, 5.0 and 7.5 W/cm 2 . After the weight loss of the 
urethane foam was determined, as described previously, the specific 
mass injection rate was calculated as follows: 

• _ (weight loss) 

(area of sample exposeJ to~ReatT~x~7tIme~eIapse9) 

The area exposed to heat was brought into the equation in an 
effort to standardize the test runs in terms of how much radiant 
energy that had actually been absorbed by the sample. 

Then the figure of merit was calculated as follows: 

£ ( hea t flux) _ f" W,sl 

^specific mass InjectIon"rati |_~g^J 

The objective was to determine a heat blocking system showing 
equal or better performance than the Vonar R 3 system. Therefore, 
the -value at every test condition for Vonar R 3 was assigned to 
e . Then the relative figure of merit was calculated as follows: 

e . - -L 
rel e 

o 

The mass loss data for the fire retarded and non-fire retarded 
urethane is shown in Tables 6 and 7, respectively. 

The rationale for ranking materials at the 2 minute exposure 
time is related to full scale tests conducted previously (1, 2, 3, 

4) and is a critical time at which evacuation must occur in an 
aircraft in case of a post crash fire. 

In case of a post crash fire outside the passenger compartment 
(e.g., a fire in the fuel system), the seat system inside the cabin 
will be exposed to severe heat radiation. The foam cushions will 
start to inject toxic gases into the cabin as simulated in this 
study. 2 minutes is thought to be an accurate time limit for the 
survivability of the passengers exposed to these conditions. Data at 


g 

cm 2 , 8 
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2 minutes are also displayed graphically in Figures 7 and 8. 

Figures 9 and 10 show the figure of merit as a function of heat 
flux at 2 minutes exposure. It can be seen in Figure 9 that the 
figure of merit at a heat flux of 2.5 W/cm 2 for the aluminized 
fabrics (Preox R 1100-4 and Norfab R 11HT-26-A1) is higher than 
either the Vonar R 2 and 3, at 5.0 W/cm 2 they are approximately 
equal, and at 7.5 W/cm 2 that both Vonar* 2 and 3 show a higher 
figure of merit than the aluminized fabric. 

The method of protection for the urethane foam changes as the 
heat flux Increases whereby the transpirational cooling effect of 
the Vonar R is more effective at the higher heat flux range. The 
mode of urethane protection using the aluminzed fabric is primarily 
due to re-radiation and thermal conduction. At 5 W/cm 2 , all heat 
blocking materials were approximately equally effective, but, it 
should be remembered that the weight penalty of the Vonar R materials 
is excessive as shown in Table 1. The aluminized fabrics were 
equally effective in protecting both the fire retarded and non-fire 
retarded urethane foams as shown in Figures 9 and 10. 

To obtain a general view of the heat blocking performance of 
different heat blocking layers, the average mass injection rates of 
experiments with 1, 2, 3, 4 and 5 minutes elapsed time was calculated 
and is shown in Tables 8 and 9 . Figures 11 and 12 show the figure 
of merit as a function of heat flux at average exposure time. Essen- 
tially the same results are observed as the measurements indicated 
at 2 minutes. 

The usage of a heat blocking layer in aircraft seats, significantly 
improves the performance of the seat when exposed to heat radiation. 

This is true at all heat flux ranges tested. Samples representing the 
state-of-the-art ( // 36 7 ) were completely burned after only a short 
exposure time and it was not possible to test these samples at 7.5 W/cra 2 . 
When it comes to ranking between the different heat blocking layers, 
the results are more ambiguous. It is true that Vonar R R performed 
better at the higher heat flux level (7.5 W/cm 2 ) but at the heat level 
of most interest (5.0 W/cm 2 ), it was approximately equal to the other 
heat blocking layers. The heat flux of 5.0 W/cm 2 is considered an 
average heat flux level in the Interior of the aircraft as shown in 
simulated full scale fire tests conducted previously (2), There were 
no significant differences observed in the fire blocking efficiency 
of the layers whether a non-fire retarded or a fire retarded urethane 
foam was used. At 5.0 W/cm 2 , the efficiency of the Vonar R 3 was higher 
with the non-fire retarded foam vhile the aluminized fabric showed a 
higher efficiency with the same foam at 7.5 W/cm 2 as shown in Figures 9 
and 10. It is not precisely known whether this difference is due to 
the differences between the two foams or is due to the different mechan- 
isms of the heat blocking layers, i.e. transpiration or re-radiation 
cooling. Neither one of the two aluminized fabrics show outstanding 
performance in comparison with each other. When the complexities 
of the effect of the underlying foam are taken into consideration, it 
is reasonable to rank them as giving equal fire protection. For 
example, in the case of the fire-retarded foam, the Norfab R gives 



excellent fire protection at the low (2.5 W/cm 2 ) heat flux in 
comparison with Preox R 1100-4 fabric as shown in Figure 11. At 
5.0 W/cm 2 , they are equal and at 7.5 W/cm 2 , the situation is re- 
versed when using the non-fire retarded urethane foam. The Norfab R 
11HT-26-A1 fabric exhibited better performance at all heat flux levels 
when tested with the non-fire retarded foam as shown in Figure 12. 

The 181-E glass fabric indicated the lowest fire protection at 
5.0 W/cm 2 when the exposure time is averaged over 5 min as shown in 
Figure 10. At the (2) minute interval, its performance was approxi- 
mately the same as the other fabrics as shown in Figure 9. 

A study of the cost/weight penalty of different heat blocking 
systems (7) shows that the re-radiation-cooling systems or aluminized 
fabrics provide far better cost-efficiency than the transpirational- 
cooling systems such as Vonar R 3. These results and the equality 
in fire protection performance shown in this study, points in favor 
of aluminized fabrics for possible use as cost efficient heat pro- 
tection system for the urethane foam. 

Several difficulties were encountered when conducting the radiant 
panel tests. The major complications were: (a) the experiments were 

designed to measure the amount of gas, originating from the urethane 
foam, injected into the air. To really determine how much gas due to 
urethane decomposition that is produced, the gases need to be analyzed 
(preferably by GC-MS methods) . This could not be done at the time of 
this study: (b) some of the gas produced from combustion of urethane 
foam may be trapped in the heat blocking layer. The amount of gas 
trapped is extremely difficult to measure. The initial experiments 
showed that, in some cases, the difference in the weight loss of the 
HBL (with and without a urethane foam core) was greater than the 
weight of foam lossed; hence the weight of gas trapped could not be 
measured. This problem was corrected by perforating the fabric on 
the back surface to allow venting of the gas and, (c) there was a 
problem with the quenching period. At 7.5 W/cm 2 this might well be 
the dominant mechanism for weight loss of the urethane foam for 
shorter test runs. It is desirable that a method to instantly quench 
the sample be developed for testing at heat fluxes of 7.5 W/cm 2 and 
higher . 

Thermal Efficiency 


The NASA-Ames T-3 thermal test (8) was used to determine the 
fire endurance of the seat configurations shown in Tables 1 and 2. 

In this test, specimens measuring 25 cm x 25 cm x 5.0 cm thick were 
mounted on the chamber and thermocoupled on the backface of the 
specimen. The flames from an oil burner supplied with approximately 
5 liters/hour of JP-4 jet aviation fuel provided heat flux to the 
front face of the sample in the range of 10.4-11.9 W/cm 2 . The test 
results were inconclusive since the temperature rise in most of the 
specimens was extermely rapid and it was very difficult to determine 
small differences in fire blocking efficiency of the various layers. 
Additional work will be performed to reduce the level of heat flux 
in the chamber in order to be able to differentiate easier among 
the samples. 



Conclusions 


It is understood that a great number of mechanisms govern the 
performance of fabrics and foams when exposed to heat radiation. 
Finding these mechanisms and measuring their individual parameters, 
is extremely difficult. In this study efforts were directed towards 
determining the heat protection provided by different heat blocking 
layers, relative to one another. 

Some specific conclusions may be drawn from this study: 

(a) Modified NBS smoke chamber provides a fairly accurate 
method for detecting small differences in specimen weight loss over 
a range of heat fluxes and time. 

(b) Aluminized thermally stable fabrics provide an effective 
means for providing thermal protection to flexible urethane foams . 

R 

(c) Vonar 2 or 3 provided approximately equal thermal pro- 
tection to F.R. urethane than the aluminized fabrics but at a 
significant weight penalty. 

(d) No significant differences were observed in the use of 
F.R. or N.F. urethane when protected with a fire blocking layer. 

(e) The efficiency of the foams to absorb heat per unit mass 
loss when protected with the heat blocking layer decreases signifi- 
cantly in the heating range of 2. 5-5.0 W/cm 2 # but remains unchanged 
or slightly increases in the range of 5. 0-7. 5 W/cm 2 . 

The results showed that the heat blocking systems studied pro- 
vides significant improvement of the fire protection of aircraft 
seats compared to the state-of-the-art (i.e. the seats presently 
used in the commercial fleet) . 

The results indicated that transpiration- and re-radiation- 
coollng systems provided approximately equal fire protection. How- 
ever, the high weight/cost penalty of the transpiration system 
favored the re-radiation systems (7). 

The T-3 test is not suitable at its present operation to detect 
minor differences in heat blocking efficiency. Additional methods 
must be utilized in evaluating these and similar materials in order 
to establish a good correlation between these weight loss experiments 
and other more established or standard test methodologies. 
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Table 1 : Composite Aircraft Seat Configuration 

with F.R. Urethane 
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Table 2: Composite Aircraft Seat Configuration 

with N.F. Urethane 
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Table 4: 
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Table 7 


Mass Loss Data of N.F. Urethane 
at 2 Min. from Radiant Panel Test 
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Table 8: Mass Loss Data of F.R. Urethane Averaged 

Over Time from Radiant Panel Test 



Table 9: Mass Loas Data of N.F. Urethane Averaged 

Over Time from Radiant Panel Test 
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16 Abstract 


This report describes the work done by Douglas Aircraft Company under contract 
to the National Aeronautic and Space Agency, Ames Research Center (NASA ARC) 
to determine the burn characteristics of presently used and proposed seat 
cushion materials and types of constructions. These tests were conducted 
in the Douglas Cabin Tire Simulator (CFS) at the Space Simulation Laboratory, 
Huntington Beach, California. Thirteen different seat cushion configurations 
were subjected to full-scale burn tests. The fire source used was a quartz 
lamp radiant energy panel with a propane pilot flame. During each test, data 
were recorded for cushion temperatures, radiant heat flux, rate of weight 
loss of test specimens, and cabin temperature; . Whe.. compared to existing 
passenger aircraft seat cushions, the test specimens incorporating a fire 
barrier and those fabricated from advance materials, using improved 
construction methods, exhibited significantly greater fire resistance. 

Results of these tests were similar to those obtained from tests conducted 
by Douglas Aircraft Company under contract to NASA Johnson Space Center, j 

Contract NAS9-16062. 
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SECTION I 
INTRODUCTION 


Aircraft passenger seats represent a high percentage of the organic 
materials used in a passenger cabin. These organics can contribute 
to a cabin fire if subjected to a severe ignition source such as post- 
crash fuel fire. Since 1976, programs funded by NASA have been conducted 
at Douglas Aircraft Company to study and develop a more fire-resistant 
passenger seat. The first program dealt with laboratory screening of 
individual materials {Report No. NASA CR-152056, Contract No. NAS 2-9337). 

The second program continued laboratory screening of individual materials, 
conducted laboratory burn tests of multilayer materials, developed a full- 
scale standard fire source and prepared a preliminary fire-hardened 
passenger seat guideline (Report No. NASA CR-152184, Contract No. NAS 2-9337). 
The third program consisted of additional laboratory burn testing of multi- 
layer materials, fabricating a fire-hardened three-abreast tourist class 
passenger seat, and a design guideline for fire-resistant seats (Contract 
No. NASA 2-9337, Report No. NASA CR-1 52408). The fourth program fabricated 
and burn tested full-scale seat cushions utilizing the fire blocking concept 
for protecting the inner cushion (Contract No. NASA 9-16026). 

The tests documented in this report involve a continuation of *ull-scale 
burning of seat cushions utilizing the fire-blocking concept. 
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SECTION 3 
TEST ARTICLES 


3.1 Test Specimens 

Thirteen different sjat cushion constructions were tested (Table 1). 

Fire blocking, when incorporated, covered all sides of the cushion. 

All seams were sewn with nylon thread. The overall dimensions for 
the back cushions were 43 by 61 by 5 centimeters (17 by 24 by 2 inches). 
The bottom cushions dimensions were 46 by 50 by 8 centimeters (18 
by 20 by 3 inches) . 

3.2 Materials 

lhe 13 test specimens were fabricated using a combination of materials 
shown in Table 2. These materials were selected and supplied for 
use in this program by NASA-AMES Research Center. 

All cushions were fabricated by Expanded Rubber and Plastics Corporation 
in Gardena, California. 
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TABLE ^ 

SEAT CONSTRUCTIONS 


Construction 

Number 

Decorative 

Upholstery 

Slip Cover 

Fire Blocking 

Foam 

1 

Wool -Nylon 

None 

None 

F. R. Urethane* 

2 

Wool -Nylon 

Cntton-Musl in 

Vonar-3 

F. R. Urethane 

3 

Wool -Nylon 

Cotton-Musl in 

Vonar-2 

F. R. Urethane 

4 

Wool -Nylon 

None 

3/8 LS 200 

F. R. Urethane 

5 

Wool -Nylon 

None 

Ce'iox 101 

F. R. Urethane 

6 

Wool -Nylon 

None 

Norfab 11 HT-26-AL 

F. R. Urethane 

7 

Wool-Nylon 

Cotton-Musl in 

Vonar-3 

N. F. Urethane* 

8 

Wool -Nylon 

None 

Norfab 11 HT-26-AL 

N. F. Urethane 

9 

Wool -Nylon 

None 

None 

LS 200 Neoprene 

10 

Wool -Nylon 

None 

None 

Polyimide 

11 

Polyester 

None 

None 

Polyimide 

12 

Wool-Nylon 

None 

Norfab 11 HT-26 

F R. Urethane 

13 

Wool -Nylon 

None 

PBI 

F. R. Urethane 


*F. R. Urethane {Fire Retarded Urethane) 

N. F. Urethane (Non-Fire Retarded Urethane) 
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TABLE 2 
MATERIAL 


Material 

Source 

#2043 urethane foam, fire-retardant (FR), 
0.032 g/cm 3 (2.0 lb/ft 1 ) 43 ILD 

North Carolina Foam Ind. 
Mount Airy, NC 

Urethane foam, non-fire retardant (NF), 
0.022 g/cm 3 (1.4 lb/ft 3 ) 24-35 ILD 

CPR Division of Upjohn 
Torrance, Ca. 

Vonar-3, 3/16-inch thick with Osnaburg 
cotton scrim (23.5 oz/yd 2 ) .079 g/crn 2 

Chris Craft Industries 
Trenton, NJ 

Norfab 1 lHT26-aluminized (12.9 oz/yd 2 ) 
.044 g/cm 2 , aluminized one side only 

Amatex Corporation 
Norristown, Pa 

Gentex preox (celiox) (10.9 oz/yd ? ) 
.037 g/cm 2 , aluminized one side only 

Gentex Corporation 
Carbondale, Pa 

Wool nylon (0.0972 lb/ft 2 ) .0474 g/cm 2 , 
90% wool/100% nylon, R76423 sun 
eclipse, azure blue 78-3080 
(ST7427-115, color 73/3252) 

Collins and Aikem 
Alber rle, NC 

Vonar 2, 2/16 inch thick, .068 g/cm 2 , 
(19.9 oz/yd 2 ) osnaburg cotton scrim 

Chris Craft Industries 
Trenton : NJ 

LS-200 foam, 3/8" thick (3? 7 oz/>./ 2 - 
.115 g/cm 2 

LS-200 foam, 3-4 inches .c.ick (7..' Vft J ) 
0.12 g/cm 3 

Toyad Corporation 
Latrobe, Pa 

Polyimide Foam (1.05 lb/ft 3 ) .017 g/cm 3 

Sol ar 

San Diego, Ca 

100% polyester 

(10.8 oz/yd 2 ) .037 g/cm 2 

4073/26 

Langenthal Corporation 
Bellevue, Wa 

Norfab 11HT26 

Approximately (11.3 cz/yd 2 ) .038 g/cm 2 

Gentex Corporation 
Carbondale, Pa 

PBI 

Woven Cloth 

Calanese Plastic Company 
Chari ette, NC 


Approximately (10.8 oz/yd 2 ) .037 g/om 2 
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SECTION 4 
TEST PROGRAM 


4.1 Test Setup 

All tests were conducted within the Cabin Fire Simulator (CFS). The 
CFS is a double-walled steel cylinder 12 feet in diameter and 40 
feet long, with a double-door entry airlock at one end and a fu]l- 
diameter door at the other. It is equipped with a simulated ventil- 
ation system and, for environmental reasons, all exhaust products 
are routed through an air scrubber and filter system. A view port 
in the airlock door allows the tests to be monitored visually. The 
radiant heat panels used in these tests were positioned as shown in 
Figures 1 and 2. 

The radiant panels consisted of 46 quartz lamps producing a 10 watt/ 
square centimeter heat flux at 6 inches from the surface of the panels. 
Prior to testing, the heat fjjux upon the cushion surface was mapped 
using calorimeters. Figure 3 shows the positions at which heat flux 
measurements were taken and their recorded values. 

)} 

4.2 Instrumentation 

// 

The relative location of instrumentation for the tests is shown in 
Figure 4.,, ' 

4.2.1 Post test still photographs were taken for each seat construction. 
These photographs are located in Appendix A. In addition, a video 
recording was made during each test. 

4.2.2 Thermal Instrumentation 

Temperatures were obtained using chromel-alumel thermocouples placed 
within the seat constructions. The number of thermocouples varied 
between 2 and 3 per cushion depending on whether or not a fire 
blocking layer was used (Figure 5). In the CFS, chromel-alumel 
thermocouples were located along the ceiling and a'; the cabin air 
exhaust outlet. Two heat flux sensors were installed facing the 
seat assembly. The upper calorimeter was used to monitor the heat 
flux given off by the radiant panels to insure consistency among 
tests. The thermocouple and calorimeter signals were fed through 
a Hewlett-Packard 3052A Automatic Data Acquisition System which 
provided a real-time printout of data (Figure 6). 
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AIR EXHAUST 



AIR INLET 



trREMt): a • vi urn camera 

0 • HEWLETT PACKARD SCANNER AM) DIGITAL VOLTMETER 

C » HEWLETT PACKARD CALCULATOR 

D * HEWLETT PACKARD PLOTTER 

E ■ HEWLETT PACKARD PRINTED 

T « PROPANE OH/OFF VALVE 

G • VARIABLE TRANSFORMER 
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J * VIDEO MONITOR 
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1 * RADIANT ENERGY PANELS 
M « SCAT TRAIL 

T * THffilMCWJPLC 
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FIGURE 5. CUSHION THERMOCOUPLES (LOCATION ANO IDENTIFICATION] 


<1.1 Tost T*ri>n?i lures 

lit*. Ill mi’. ii>'>I ninti > H I inI will* IIii'Minm mi|'Tr”. weri* wi’li|hml« Ihi’it jiiiv 1 1 miii'il 
mi I In* >im| Iimhn* I In* y * ’ I miix* was rf<p|ml with suspension tables 
■uni liuri t from nm* ml of L- ij ]l- located In the cell iliq of the CFS. 

The other end Df the celling cable was attached to a load cell* 
Thermocouples , heat flux sensors, and load colls were checked for 
proper operation and calibration. The computer and video were 
started, the propane gas was ignited, and then the radiant panel was 
switched on. The radiant panels remained on for five minutes. 

After fifteen minutes, the tests were complete and post-test photos 
were taken of the;;cush1on residue* The residue was removed from the 
seat frame and weighed. 
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FIGURE 6. DATA ACOUIIITION 
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SECTION 5 
TEST RESULTS 


5.1 


5.2 


A total of 23 full-scale cushion burn tests were conducted. Each 
seat construction listed in Table 1 was tested twice with the 
exception of constructions 8, 11, '12 and 13. For these constructions, 
only enough material for one test was available. However, when two 
tests of the same construction were made, the results were identical 
and therefore a third test was considered unnecessary. 

The purpose of these tests was to investigate the burning character- 
istics of cushion employing fire resistant designs. It was the 
peculiar designs and how the materials were used which were evaluated 
and not so much the individual materials themselves. To give an 
example, construction number 2 was designed to employ one layer of 
Vonar-3 as a fire blocking layer. The evaluation of the performance 
of this cushion was not so much decided on what material was used, 
Vonar-3, as the way in which it was used, one layer as fire blocking. 


The constructions tested can be classified in four groups. -These 
groups are standard cushion construction, standard cushion 'construction 
with a protective covering enveloping the urethane foam core, standard 
cushion construction with a protective covering enveloping nori-fire 
retarded urethane foam core and standard cushion construction with 
the urethane foam core replaced by an advance fire resistant foam. 

The test results of these constructions is graphically provided in 
plots presented in Appendix B. To aid in comparison of these 
constructions, the peak values for each test and the time at which 
they occurred were taken from the respective plots and are presented 
in Table 3. The weight loss results are in Table 4. Post-test 
photographs for each construction are located in Appendix B. 

Standard Seat Construction 

Construction number 1 is representative of the type of materials 
most commonly used in the construction of aircraft passenger seat 
cushions. These cushions were totally consumed by the fire in a 
matter of minutes. 

Characteristically, the fire-retarded urethane foam thermally 
decomposes under the extreme heat into a fluid form and subsequently 
to a gas. In the fluid form, the urethane drips from the seat 
cushion onto the floor forming a puddle or pool. This pool of 
urethane fluid gives off gases which are ignited by burning debris 
falling from the seat. This results in a very hot pool fire 
engulfing the seat in a matter of minutes. 



TABLE 3 

TEST DATA PEAK VALUES 
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TABLE 3 

TEST DATA PEAK VALUES ^CONTINUED) 
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5.3 Protected Fire-Blocked Standard Cushions 

The purpose of the fire-blocking layer surrounding the urethane 
foam core is to thermally isolate the foam from the heat source 
by either conduct! the heat laterally away and by providing an 
insulative char layer. 

5.3.1 Aluminized Fabric 

The celiox and norfab fire blocking constructions employed a 
reflective aluminum coating bonded to their outer surface. 

All three constructions resulted in identical test results. These 
constructions were unable to protect the urethane foam in the 
cushions closest to the radiant heat source. They were able to 
slow down the burn rate of the urethane thus producing a less severe 
fire. This fire was unable to penetrate the adjacent cushions also 
protected by these materials. 

Characteristically, in these constructions the urethane thermally 
decomposes within the fire-blocking layer and produces fluids and 
gases. The gas leaks through the cushion seams, ignites, burn and 
continues to open the seams. This results in a small controlled 
pool fire burning within the fire-blocking envelope with flames 
reaching through the seam areas. The radiant heat source in 
combination with the controlled pool fire, is adequate to thermally 
decompose the urethane foam on the closest side of the adjacent 
cushions. The heat source is not adequate to ignite these gases. 

Reversing the edges at which the seams were located, i.e, placing 
the seams at the bottom edge instead of the top edge of the cushion, 
made no appreciable difference for the cushions adjacent to the 
fire source. Placing the seam on the bottom edge of the cushions 
farthest from the radiant panel helped to prevent the escaping 
gases from igniting, and the seam from opening. All cushions using 
this fire-blocking material were vented in the back to prevent 
ballooning of the cushions by the gas generated within them. 

However, the decomposed urethane tended to plug the vent and 
restrict the out-gasing. The overall final appearance of the 
cushion closest to the radiant panels showed a fragile, charred, 
empty fire-blocking envelope with its seams burned open. 

The final appearance of the cushions farthest from the radiant 
panels showed a partially charred upholstery cover. The urethane 
cushion had some minor hollow spots. When the seams were placed 
on the bottom edge of the cushion, a fully intact fire-blocking 
envelope remained. 

The percent weight loss between the fire and non-fire retarded 
urethane cushions was small, as shown by Figure 7. 


TA«U « 
WEIGHT DATA 



Cushion 

Weight Before 

Weight After 

Weight Loss 

Construction 

1(9 

(LB) 

kg 

(LB) 

kg 

(LB) 

i 

Test 1 

3.36 

( 7.4) 

0 

(0) 

3.36 

(7.4) 

i 

Test 17 

3.40 

( 7.5) 

0 

(0) 

3.40 

(7.5) 

z 

Test 2 

5.78 

(12.75) 

3.72 

( 8,20) 

2.06 

(4.55) 

2 

Test 4 

5.43 

(11.97) 

3.76 

f B.3) 

1.67 

(3.67) 

3 

Test 11 

5,22 

(11.5) 

3.27 

( 7.2) 

1.95 

(4.3) 

3 

Test 12 

5.22 

(11.5) 

3.27 

( 7.2) 

1.95 

(4.1) 

4 

Test 3 

5,28 

(11.65) 

3.47 

( 7.65) 

1.81 

(4.0) 

4 

Test 10 

5 42 

(11.95) 

3.54 

( 7.8) 

1.88 

(4.15) 

5 

Test 7 

4.11 

( 9.05) 

3.00 

( 6.62) 

1.11 

(2.23) 

5 

Test 13 

4.17 

( 9.20) 

2.95 

{ 6.50) 

1.22 

(2.70) 

6 

Test 5 

4.26 

( 9.40) 

3.23 

{ 7.13) 

1.03 

(2.27) 

6 

Test 14 

4.23 

( 9.32) 

3.18 

( 7,0) 

1.05 

(2.32) 

7 

Test 15 

5.10 

(11.25) 

3.8 

{ 8.45) 

1.30 

(2.80) 

7 

Test It 

5.00 (11.03) 

3.67 

( 8.10) 

1.33 

(2,93) 

8 

Test IB 

3.84 

( 8.47) 

2.74 

( 6.05) 

1.10 

(2.42) 

9 

Tost B 

8,89 

(19.6) 

N/A 

- 

- 

9 

Test 19 

8.62 

(19.01) 

8.0 

(17.65) 

.62 

(1.36) 

10 

Test 9 

2.29 

( 5.05) 

1.63 

( 3.60) 

.66 

(1.45) 

10 

Test 6 

2.94 

( 6.48) 

1.68 

( 3.70) 

1.26 

(2.78) 

11 

Test 20 

1.91 

( 4.20) 

1.66 

( 3.67) 

.25 

( .53) 

12 

Test 2t 

4.13 

( 9.10) 

1.66 

( 3.66) 

2.47 

(5.54) 

13 

Test 22 

4.45 

( 9.80) 

2.72 

( 6.00) 

1.73 

(3.80) 


CUSHION 

CONFIGURATION 

BASELINE (D 

VONAR 3/FR (2) 

VONAR 2/FR (3) 

VONAR 3/NF (7) 

3/B LS-200/FR (4) 

CEL IOX/FR 

PBI/FR (13) 

HORFAB-AL/FR (6) 

IJORFAB-AL/NF (8) 

NORFAB/FR (12) 


POLYIMIOE (10) 

POLY mi DF (11) 

W/Plll Yt STI It 

0 10 20 30 40 50 

PERCENT WEIGHT LOSS 



FIGURE 7. PERCENT WEIGHT LOSS 
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5.3.2 Non-Aluminized Fire Blocking 

Constructions 2, 3 and 7 used Vonar foam, construction 4 used 
LS-200 foam, construction 12 used non-aluminized norfab fabric 
and construction 13 used PBI fabric. 

The constructions were unable to protect the urethane foams in the 
cushions closest to the radiant panels. However, they did slow 
down the burn rate of the urethane thus subjecting the adjacent 
cushion to a less intense fire. 

The fire-blocking foams performed much like the aluminized fabric 
fire-blocking in that even though the heat was intense enough to 
thermally decompose the urethane into a fluid and gas, the fire 
blocking layer was able to contain and subdue the burning urethane. 
Flames exited where the fire-blocking char layer had fallen away. 

The non-aluminized norfab fabrics were unable to contain the 
decomposed urethane. Tha urethane fluid dripped onto the floor where 
it pooled and ignited. The cushions were completely consumed when 
this floor fire engulfed it. The overall final appearance of the 
cushion remains closest to the radiant panels for foam fire blocking 
constructions 2, 3, 4 and 7 was thoroughly charred fire-blocking 
material void of all urethane foam. 

The final appearance of the cushions farthest from the radiant panels 
were very similar. They varied in the amount of thermal decomposition 
of the urethane foam core, i.e., the size of the void or hollowing of 
the urethane. Construction number 2 using Vonar-3 material produced 
the smallest amount of urethane decomposition. It was followed by 
construction number 4, 3/8 LS 200 neoprene, and construction number 
3, Vonar-2. Construction number 7 used a non-fire retarded urethane 
with Vonar-3. It did not fair as well as construction number 2 
employing fire retarded urethane. 

Typically, the foam fire-blocking layer adjacent to the urethane 
hollow spots were completely charred but intact. 

5.4 Advanced Foam 

Construction numbers 9, 10 and 11 used advanced foams in place of 
the urethane foam. 

Construction number 9, LS 200 neoprene, produced a deep seated fire 
which did not produce a significant amount of heat or flames. It 
smoldered long after the test was completed and required total 
emersion in water to extinguish. This cushion had the lowest 
weight loss as shown by Figure 7. However, an all LS-200 neoprene 
seat cushion would result in a large aircraft weight impact because 
of its high density. 
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The foam in the seat cushion closest to the radiant panels was 
completely charred with the upholstery burned off of all surfaces 
except the bottom and back. 

The foam in the seat cushions farthest from the radiant panel's 
had a thick char on the edge closest to the heat source. This char 
gradually diminished halfway across the cushions. The upholstery 
on the back and bottom of these cushions was not burned. 

Constructions 10 and 11, polyimide foam, had different upholstery 
materials. Construction 10, 90/10 wool-nylon upholstery, performed 
identically to a previous test program. The cushions closest to 
the radiant panels shrunk to one-half inch in thickness or less with 
a char of one-quarter inch or greater. 

The cushion farthest from the radiant panels shrank to within one- 
half inch thickness with a char of one-quarter inch or less. 

Characteristically, the polyimide foam thermally decomposes by 
giving off gases, and produces a char layer as it decreases in size. 

The decomposing of the foam beneath the upholstery on the seat 
farthest from the radiant panel creates a pocket or void where the 
gases generated by the foam accumulates. When these trapped gases 
burn, the foam further thermally decomposes. Construction number 
11, polyester upholstery, reacted differently from that characteristic 
of construction number 10. When the radiant panel was turned on, 
the polyester upholstery on the cushion farthest from the heat source 
rapidly decomposed into a liquid which dripped off the seat cushions. 

With the upholstery gone, the majority of the, gas from the decomposing 
polyimide foam escaped without igniting. These cushions decomposed 
less as exemplified by the small weight loss and a thinner char 
layer. 





101 


SECTION 6 
CONCLUSIONS 


Urethane foam decomposes into a volitile gas when exposed to a severe heat 
source. If this generated gas can be contained in such a manner as to 
prevent its igniting or to control the rate at which it burns, the severity 
of the fire will be reduced. This was clearly shown in the testing of 
standard cushion constructions with a protective covering, "fire-blocking", 
enveloping the urethane foam. 

When the fire blocking was able to contain the decomposing urethane by- 
products, i.e., fluid and gas, the cushions closest to the heat source burned 
with less intensity, generated a minimum of heat and were unable to ignite 
the adjacent cushions. However, when the decomposing urethane fluid was able 
to escape from the fire-blocking envelope and pool on the floor, an uncontrolled 
fire erupted which resulted in total burning of all cushion materials. 

Some of the Norfab and Celiox materials utilized aluminum coatings. It was 
not the aluminums reflecting properties which made the cushions perform well 
as it was its non-permeable properties. This coating helped contain the 
decomposed by-products and prevented propagation to the adjacent cushion. 

Had the seams held and all the gases vented out the back of the cushions and 
away from the heat, the decomposing of the cushions may have been even less 
severe. Undoubtedly, the reflective properties had an effect in slowing 
down the decomposing of the urethane, but only by a few seconds. The reason 
being the emissivity and thermal conductivity of the aluminum coating was 
inadequate to resist the severe radiant, energy being applied to the surfaces. 

The charred foam fire-blocking layers did not act primarily as a heat 
barrier as they did a liquid and gas barrier. In the cushions farthest 
from the radiant source, the urethane foam still thermally decomposed. It 
formed a pocket of gas behind the intact charred envelope. This was verified 
in post test inspection. However, the gas escaped slowly and only created a 
small pilot flame. The flame extinguished itself when the radiant energy 
source was switched off. 

The polyimide cushions are examples of a foam which thermally decomposes 
at high temperatures and generates gas and char but no noticeable liquids. 

The wool -nylon upholstery trapped gases between itself and the foam. When 
these gases ignited, the foam decomposed rapidly. The polyester upholstery 
decomposed from the cushions fast enough to prevent the trapping of these 
gases. Subsequently, the foam in the cushions decomposed at a slower rate. 

From these tests, it is concluded that no matter the foam used as a core for 
the cushion, if the gases generated by the foam can be expelled or contained 
in such a manner as to prevent their burning or reduce the rate at which 
they burn, a severe fire can be avoided or delayed. It is further concluded 
that if the thermal decomposition characteristics can be altered so as to 
slow down the generation of gas, the time before a fire becomes severe can 
be extended to the point where appropriate extinguishment of the fire may 
be possible. 
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SECTION 7 
RECOMMENDATIONS 


It is recommended that a study be made co incorporate cushion designs 
and fire-blocking materials which are thermally stable and nonpermeable 
to urethane fluids and gases to prevent or reduce the rate at which a 
seat cushion burns. 

This study should include considerations for wearability of fire blocking 
layers, fatigue life of cushion foams and methods of venting decomposition 
gases from the cushion assembly. Test results from this program have 
shown that seam constructions significantly affect cushion burn performance. 
Therefore, seam constructions previously studied by the NASA seat program 
should be reconsidered in future cushion designs. 

It is also recommended to use these studies as a basis to develop a design 
standard for a fire resistant passenger seat. This standard must be 
supported by inexpensive laboratory burn test methods that can verify these 
standards are being met. 
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Construction 

Number 

Decorative 

Upholstery 

Slip 

Cover 

F.B. 

Foam 

1 

Wool-Nylon 

None 

None 

F.R. Urethane 

2 

Wool-Nylon 

Cotton Muslin 

■ 

Vonar 3 

F.R. Urethane 

3 

Wool-Nylon 

Cotton Muslin 

Vonar 2 

F.R. Urethane 

4 

Wool-Nylon 

None 

3/Y LS 200 

F.R. Urethane 

5 

Wool-Nylon 

None 

Celiox 101 

F.R. Urethane 

6 

Wool-Nylon 

None 

Norfab 11 
HT-26-A1 

F.R. Urethane 

7 

Wool-Nylon 

Cotton Muslin 

Vonar 3 

N.F. Urethane 

8 

Wool-Nylon 

None 

Norfab 11 
HT-26-A1 

N.F. Urethane 

9 

Wool -Nylon 

None 

None 

LS200 Neoprene 

10 

Wool-Nylon 

None 

None 

Polyiraide 

11 

Polyester 

None 

None 

Polyimide 


12 


Wool-Nylon 


None 


Norfab 11 
HT-26-A1 


F.R. Urethane 
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Configuration 2 






Conf igu^.it ion \ 
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Configuration 6 
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Configuration 7 



Configuration 8 
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Configuration 10 
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Configuration 12 
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NASA SEAT PROGRAM 


PHASE I 

• MATERIAL SCREENING TESTS 

PHASE N 

• MULTVI f -LAYER OSU TESTE 
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PHASE M 

• DC SIGN ! T UOY 

• ADDITIONAL MATERIALS SCREENING TESTS 

• ADDITIONAL MULTPLELAYER OSU TESTS 
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• DISPLAY SCAT EACMCATED 

PHASE IV 
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TEMPERATURES ABOVE SEAT 
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CONCLUSIONS 


FiRE-BLOCKING ENVELOPES 

• PROVEN EFFECTIVENESS 

• IMPERMEABLE FABRICS 

• ENVELOPE VENTING SYSTEMS 

• FIRE-RESISTANT SEAMS 

• PROBABLE WEIGHT IMPACT 

1.0 POUNDS PER SEAT 


RECOMMENDATIONS 


FIRE-BLOCKING-DESIGN INVESTIGATION 

• PERMEABILITY VERSUS COMFORT 

• SEAM CONSTRUCTION 

• VENTING METHODS 

• WEARABILITY 

URETHANE FOAMS 

• DECOMPOSITION CHARACTERISTICS 

• LOWER DENSITY VERSUS FATIGUE LIFE 

PRODUCTION IMPLEMENTATION 

• DESIGN STANDARDS 

• BURN TEST METHODS 
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Seat Cushion Design Manual 
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1.6 INTRODUCTION 

INFORMATICS INC. has iapleaented an interactive coaputer process# 
to calculata estimated costs for the aanufactur* and us* of 
advanced aircraft scat cushion configurations that ar* 0*ing 
evaluated by NASA -AMES# CAPO for improved fir* perforaanc* 
characteristics. Th* methodology vas originally developed by econ# 
Inc.# and later# adapted to coaputer processing by INFORMATICS 
Inc . 

2.6 SPECIFICATIONS 

The cost set algor itha aethodology has been developed to: 

Provide user interactive coaputer processing. 

Serve as a storage facility for cushion configuration weight# 
cost and fir* perforaanc* inforaation. 

Generate cost inforaation for the aanufacture and raw aaterials 
of each candidate cushion configuration on a U.3. fleetaide 
basis. 

Derive the weight iapact and resulting fuel consumption 
sensitivity of each candidate cushion configuration on a U.8. 
fleetwid* basis. 
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j Frograo 
ADD9UP 
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Report 




i 

' Design , 
Report j 

i — y 

V 


ee 
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Material naae 
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SCAT CUSHION DtSIGK SYSKO 


SC9UEHCE Of EXECUTION 


COSTS 



LBS 

riciM i.l . J 


fllDlll HOOKAH 

WLUil : IttKil I X llltllH X CLP IK 

yplAU Wifi ; l X (LENGTH X HID1H * HltlH X PEPIH ( LENGTH X CEHTI' 
GA5CST ffiXNMI 

COS! HCII : COST OLD t <CW| OLD X XTCMLY INCREASE/11*) 

IDS PKOGHM 

VJW9U 6K{ft : l.tl X fiKlfiJ ( fiKA 
HIM : lUlillY X MU 
tilU.I . lUiil 1 1 1 'HUil 


fiDPWH 

ElflClEHCY : RUX RATE / HDQ1 
ftDUISIED IIP : 1LD < (FACTOR X UP) 

HPDIfl PROGNAH 

WOLLHE : LENGTH X HIDIK X DEPTH 

SURFACE flktA : { X TLEHGIH X HIPIH t HIPIH X DEPTH ( IEHCIH X DC 
GfiSCSI HiWiROH 

>.VS| HLH : •■'Jil OLD t ICOSI OLD X YYLAKLY INCBCASE/IWI 
LUS HtUUMfl 

SURFACE ARIA : UJ X AREA1 I AREA 
ttlGHI : DEW1IY X SHEA 
ItlWI : KKS11Y X WLUtt 
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ATTRITION 

OPTION 

...DIRECT INPUT 
PROGRAM COflPUIES 

*A/C ATIRHIONED : IIA/CIYEAR) I «KEH A/C1YEAR) - DA/CIYCARH 

liaXAlS : SA/G X tSEAIS PER A/C 

.■IlfttllM RAIL : sSEHlb flTTRII IOfiU'/ftMrrL HSEAIS(YEAR) 

'.vii Cr IlnlThlAlb 

WSI/SEAI : SEAI AREA X COSI/UNII AREA 
YEARLY COST : SEA I DEHARD \ COS I /SEAT 

HANUTACTURING COSTS 

COSI/SEAI : 3 X COSI/CUSHIOH 
YEARLY COST : SEAT DEMAND X COST/SEAT 

PROJECTIONS 

CQSKYRf 1) : COST CYR) X U - Y YEARLY COSI CHANGE/ 180 1 


HAIERIAL COST SELECTION 

Y : NX I 8 
Nitre Y : i seits 
X : unit cost 

•SCATS TOR 1 UNIT COST KM I CHANGE I SEATS) 

•SEATS Of 1 WIT HTRL : WX. CCST/IMSE UNIT COST - CHANGE UNIT COST) 
SLOPE 

SLOPED!) : CHANGE I SEAIS/ CHANGE UNIT COST 
INTERCEPT 

INTERCEPTS) : -(SLOPE X (BASIC UNIT C05T - CHANGE WIT COST)) ♦ KaEAi 
Mtre »stits : » SEATS Of 1 WIT HTRL 

COOTIE UNIT COSI 
X : (Y-BI/H 

UNI! COST : (ISEATS - INTERCEPT) /SLOPE 
Mtrt Istits ; istit; dt«nd i units uterul 
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hill m\i 
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...UIIuESIRlCIED 
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...MSMLIED IY PMBU1JION RAIC 
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SEAT DEHAHB 
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»MWI MAUI, ruci, MWlMMIItl 


MMlfNl 

*-717 

It* 


K-f 

12* 


Alt* 

200 


*-7*7 

170 


• -747 

2«« 



o t.« 

0 10,00 

0 IS.II 

0 11,04 

0 to. 00 


WMHNCI 

*-717 

uon 

*c~t* 


no 

113 

lia 




17.10 

13.10 
13.17 


.0-CMIftC| 

*•707. 140 • 
1-71* 0 • 
1-747 033 • 
K* 173 » 


0 10.00 

0 0.00 

0 17.73 

0 30.15 


• OMltl.Ml IlllMlI (<!•{ 1. Iirrv 

I to. mt ..{Hi *o oi.olMO tmr 

w>» vtor. 


• CAT CUSHION MCI5MT PER CUSHION »flto| 4/21/12 


MAT CUSHION KI1M NUHMRI 09* 
VI, 

HAT M*I*A AiriACRCK MUM OCR 1 901 


•act: 

MTTOM 

KCAMCiT 

TOTAL 

LM «L»t 

LM 

•LBi 

LM 

•it* 

LM 

•lbs 

COACH 1 







l.fO 9,10 

3.34 

9,24 

1.44 

0.12 

4.72 

0,44 

•HOAT HAUL! 







l.*0 9,39 

3.34 

0.24 

t.O* 

0.12 

4.72 

0,44 

1IT CLAM! 







2,12 0,31 

3.42 

0.33 

1.73 

0.11 

7, <7 

0,71 


i 9CLTA IKISHT 
IN* Of THE WCtBMT iff OAT 


MAT CUfHlOM DlMMI lONf SATE! 4/21/92 


COACH MAT I 


LKMCTH MIRTH MATH 
•ACM 

< It. 9 X 29.3 X 2,0 IN) 
AM At 972.0 M I* 

VOLUME! 729.0 CD IN 

•MOOT HAUL MAT! 


LCNtTH MIRTH MOTH 
BOTTOM! 

<29.0 X 22.0 X 0.0 tM ) 
ARCAt J2U.0 10 IM 
VOLUME I 1740.0 CU tH 


LIMOTH WIDTH DEPTH 
HCAiRClTt 

<19,0 X 9.0 X 3,0 IH) 
AREA! 309,00 &9 IN 
VOLUME I 720,00 CU IH 


(19.9 X 29.0 X 2.9 IN) 
AM At *72,9 tQ IN 
VOLIN* I 729,9 CU IH 

!IT CLAM MAT I 


<20.0 X 22.0 X 4.0 IN) 
AREA! 1214.0 ft IN 
VtiUHCI 1749,9 CU IN 


<19.0 X t.O X 3.0 INI 
AREA t 549.00 SO IN 
VOLUME! 720.00 CU IN 


< lt.t X 22.9 X 2.0 IN) 
AREA! f 52. 0 RC IN 
VOLUME! 7f2* 9 CU IN 


<29.9 X 24*0 X 0.0 IN) 
AACAI 1J12. 9 ft IN 
VOLUNCt 1*20,0 CU IN 


(lt.0 X 10,0 X 3.0 IN) 
AREA! 400,00 SO IN 

uoLuncr foo.oo cu in 


CNt Of SEAT CUSHION tlHENIION REPORT 



SCAT LAYER DESIGN REPORT 


SEAT DESIGN NUHBCRI 007 


LATER N^.HE CODE HO, » MAHUFACU^FR 'S COST FACTORS 

________ _ • linn i. liAitoiriTinU , ni 


— 




- 

LA, DR - FABRICATION 1 

,00 

A 

UQOL/HYLOH 


005 


- FLANHINO I 

,00 

1 

HORF/.V AL 


Oil 


- ASSEMBLY 1 

.00 

C 



-o- 


- INSPECTION 1 

,00 

D 



-0- 


- TOOLING 1 

,00 

C 



-0- 

- 

DEVELOPMENT 


r 

NFR URETHANE 

RK 

00 A 


- design 



HFR URETHANE 

• M 

004 


ENGINEERING l 

,00 


NFR URETHANE 

HD 

004 


- SUST, 







ENGINEERING 1 

,00 

FIHt 

PERFORMANCE I 

parameters 


- 

OVERHEAD 







- TOOLING l 

,00 

ILP< RK ) * 0 I LD < » T > « 0 

TLD(HR) x 0 

« H2SC, 1 

,00 






APPLY TO DESIGN# OOi 


2.3 

FLUX! HDOT - 

0.A9E-04 

e » 

3A231 .00 

MFG X/YR INCREASE 0, 


3*0 

FLUX J MOOT - 

0.28E-0J 

C - 

17837,14 



7.0 

FLUX? MOOT ■ 

0.34C-03 

E - 

20833,33 




• LIFtTIHL IF A SEAT MEASURED IN NUMBER OF YEARS 

•0TT0H - 2,3 SACK * 3.0 HEADREST • 3,0 


SUPPLIER'S FILE 


SUPPLIER CODES S 

ADDRESS I AMATEX CORP 

1032 STOHABRIDQE ST, 

NORRISTOWN 

PA 

19,0, 

CONTACTS 

PHONES 


BEAT CUSHION LAYER MATERIAL 

*»************,**,********* 

MATERIAL CODE NUMBERS Oil 
PRODUCT MO. i NORFAB 11 Hi'-24-AL 

MATERIAL NAMES NORFAB AL ' 

DESCRIPTION S NORFAB FABRIC. HEAVE STRUCTURE 1X1 PLAIN 
ALUMINIZED ONE SIDE. 25XN0MEX/5XKYNEL 

SUPPLIER'S NUMBER! 5 
DENBITYS 0.0B2 LB/FT2 OR FT3 

DENSITY FIRE RETARDANT FOAM! 0,000 LB/FT2 OR FT3 

COSTS * 2 i 090/FT2 OR FT3 

YEARLY COST INCREASE! OX 

UNIT COST CHANOE/VOL. COSTS t 0,000/B 0. 

END OF SEAT CUSHION MATERIAL REPORT 
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•CAT CUOMIOH SAU Mtl.IALl COST 'U 

••at i>ttili;n KiMiri an sjt.i a/ai/at 

• *. aitarlal call hiSSS trt IIH ...Ml. HMUI MAD 


COST Kotr 

•OTTOH 

COST 

OCOtT 

HCAMtCST 

COAT 

frcotr 

TOTAL 

CUT 

DCOST 

COACH l 

M. 17 14. 

41.71 

H.lf 

19.11 

9.11 

91.17 

44. 91 

SHOUT HAUL I 

Mair 14*31 

41*71 

M.M 

11.19 

9 all 

91.17 

44. M 

|«T CLASS t 

U.n fS ,67 

44.1* 

tt.M 

11.44 

h.m 

111.91 

49. H 


* a* Hi cist li cilculit.S atth rtiptct ta 
Raitrinc* (ait cujai.ii Ml caat. 


SCAT C LUKICH MAMUTAiTURIMO COST 'H 


Salt Das l.n Hua&ar: H> 
R.far.nc. Dial an HuaLar: Ml 


0 CS 1 SN 
I SM 


LA SON IS. 

DCUCLOAT 1 CMT S. 

OUCRHCAD *. 

TOTAL *T. 


Data.' i/U/U 
MfM. 

DCSZQN DCLTA 

IS. S. 

s. S. 

S. • ; 

IT. S. 


•Hot 2 : Coat to Aanuf.ctura iiiuatd aid tor 
Coach. Short Haul and lot Class, and 
Sack, sot ton and Haadrast cushions. 


Costs for studg dasign SM DATC: C^SSr SC 

RAH HATCH I At. AHD HAHUf AC 7 UAIH 0 COSTS 

•*• 1»L •»»•*•«••»■*■••* *«•••<.*»*•*** HCTHODI SRAS 


y car 

COACH 

RH HfO 

SHORT 

mi 

HAUL 

nro 

1ST 

Rh 

CLASS 
MTO a 

TOT RH 

tot nro 

TOTAL 

lfu 

11104. 

9039. 

0. 


lk)Y2. 

050. 

12250. 

10094. 

SIMS. 

1903 

11999. 

10551. 

0. 

0 . 

1150. 

917. 

19143. 

11400. 

14*11. 

1904 

11579. 

10100. 

• a 

0. 

1109. 

005. 

12001. 

11000. 

SS74T. 

1919 

12397. 

10053. 

0. 

2. 

1103. 

944. 

19519. 

11797. 

IS11S. 

199t 

12339. 

10055. 

0. 

0. 

lies. 

944. 

13522. 

11799. 

25120. 

1907 

11004. 

10455. 

0. 

0. 

1139. 

909. 

19021. 

11944. 

S4MT. 

19S4 

12779. 

11242. 

0. 

0. 

1225. 

970a 

£4004. 

12220. 

211(4 . 

19*59 

12090. 

11294. 

0. 

0. 

1231. 

902. 

14000. 

12270. 

KIM. 

1990 

12541. 

11032. 

0. 

0. 

1202. 

959. 

19749. 

11992. 

157 IS. 

1991 

13550. 

11927. 

0. 

0. 

1990. 

1037. 

14050. 

12905. 

i mss. 


•Coats In thousands of dollars 
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UCIOHT AMD rUCL IMPACT 
D.ftgn no. Ml Dat.l |/t2/|2 


Yur 

“tight 

9*1 Ions 

Cost 

tMZ 

<1291 . 

745. 

70* 

IM1 

1400. 

*2*9. 

2495 

1H4 

299793* 

0*4. 

4172 

19*3 

2N9M. 

4921. 

5*54 

19M 

2*7*51 . 

4411. 

5*9* 

1M7 

292742 • 

4492. 

f 12* 

190 

2979*1 . 

4969* 

*42* 

109 

09199. 

4*42. 

MS!) 

1999 

09*12. 

472*. 

\73J4 

1991 

91490. 

4*15. 

7043 


•Boat dtaiU lino on Mat utlul. 

•Poll* coot oftn roopoct to r.F.r.nc. assign HI 
•Costs In thousands or dollars. 

■o. lions In thousands of gallons. 


CCf r EUMHARY REPORT 


UOMAPI H0RFA3 HOOT AO LI OUT 



CO DC 4 Ml 

CODC* M2 

CODE* M9 

CODC* *12 

CODC* HI 

MCI MOD 
KATJLirC 

MAD 
9 YRS 

MAD 
3 YRS 

MAD 
3 YRS 

MAD 
1 YH 

MAD 
* V** 

COiT TO fLY<39**> 

515*6. 

*4139. 

57196. 

5MC9. 

57196. 

COST TO *UY(l9**) 
MATERIAL 
MANUFACTURING 

Han. 

117»<?, 

7*14. 

11799. 

13522. 

11799. 

1331*. 

11799, 

13522. 

11799. 

TOTAL C0STS<19*6> 

7*351. 

1*3571 « 

*2516. 

7S2M. 

•2516. 

DELTA COST-FLY < 1PR6) 

• a 

32373, 

563*. 

-1477. 

563*. 

DELTA COST-*UY<l»aS) 

*. 

64*. 

6536. 

6326. 

ISM. 

DELTA COSTS (ISM) 

*. 

3322*. 

12166. 

4*49. 

1*166. 

AUO'D ODER PROJECTION! 
TOTAL COSTS 
DELTA COSTS 

72621. 

*. 

103791. 

3117*. 

•4413. 

11792. 

77544, 

4923. 

*4413. 

11792. 


•Costs in thousands of dollars 


\>l 


cotr aunNMty hchoht 



coses sst 

UOMAHl 
COMO OOf 

NOAfAS 
cotes MS 

MOOTS* 1.1 SMT 

cotes til 

cotes mi 

nCTMOO 

SCATLtFE 

•OH# 
) YUS 

1 Y*l 

SHAD 
1 YSf 

••At 
3 VH* 

OOAt 
3 YUS 

COST TO rLV(IMS) 

stsss. 

*41*0, 

•TIPS. 

* 

i 

SISS4. 

cost to sure IMS > 
hatcjual 
HHNUTACTUHIM 

ItM, 

lift*. 

7S14* 

lifts. 

lSIlf. 

lifts. 

19111. 

lifts. 

lifts! 

TOTAL COOTS* ItM) 

7 SMI, 

IIHTli 

aiM7 • 

?s*M. 

70SSI. 

DCLTA COST-FLV(ifM) 

s. 

If 971 . 

MM. 

-I4TT. 

•» 

DCLTA COST**SUY< ISOS) 

f. 

Ml. 

stts. 

lUl, 

s. 

DCLTA COSTS! ISSS 1 

0. 

IMIS. 

Iltts. 

404S* 

s. 

aoo'S OUCH PHOJCCTIOMI 
TOTAL COSTS 
SCLTA COSTS 

mu, 

*4 

103731. 

D-fiTS. 

•4104. 

lists. 

77*44, 

4ttS. 

71111. 

0. 


• Co* t, ■ m tMutinii m •• 1 1 


cost hmhmy kwit 

«*Man*Mt***«aan 



coses mi 

OOMAOS 

cooes 001 

MOOT AO 
COM! OOS 

MOOT AO LIOMT 

coses 01* 

COMO 00* 

ACT MOD 
SCAT Lire 

OHAO 
> YHf 

OHAO 
t YHO 

SHAO 

a YHf 

SHAO 
a YHS 

OHAO 
* YHS 

COST TO FLY ( 1 MS ) 

mu. 

04 ItS. 

97 ISO. 

mss. 

04l*t» 

COST 7? KmiKil 

MATCH I AL 
MAMUTACT5JH1MS 

IMC. 

lift*. 

7*04, 

iiTtt. 

llllf. 

arts. 

1*91*. 

1I7SS. 

7094, 

llftt. 

TOTAL COSTS 1 ISM) 

fisst . 

lotsri. 

0*907. 

7S*M« 

lOtffl. 

SCLTA COST-FLY 1 1 SM ) 

0. 

91971. 

SOM. 

-1477, 

**ST*. 

SCLTA COST-BUY < ISM) 

0. 

040, 

OSM. 

UH. 

040. 

SCLTA COTTBUS#*) 

o. 

9*1*0. 

11SS0. 

404*. 

****«. 

AUS'D OUCH motcctiom: 
TOTAL COOTS 
OCLTO COSTS 

mil, 

0. 

tOlTtl . 
*1170. 

if 

77044. 

4909. 

109ftl . 
01170. 

in IASMS4ASA A t 

SslUrt. 








COST SUHfMHY SCFOHT 
•944 • ** • •«••••** **• 




COKS Ml 

VOHAHl 
COOCt 00* 

MOOT AO 
cotes oos 

MOOT AO LIOMT 
CODCO 01* 

COMO OM 

ACT MOD 

•CATLIFC 

OOAt 
a YHS 

SHAO 
* YHS 

OHAO 
B YHS 

OHM 
a vho 

•HAS 
* YHS 

COST TO FLY* ISM) 

411M. 

*4 ItS. 

SflSS. 

MM,. 

747S0. 

COST TO BU7(»M0> 
NATCHXAL 
MAMUT ACT US IMS 

SOM. 

•iftt. 

7**4. 

lift*. 

1**1*. 

lifts. 

19*1*. 

11700, 

7*70. 

11799. 

TOTAL COSTS! ISM) 

roast. 

19*971 . 

0**07. 

TWM. 

9M*t. 

DCLTA COST-FLY (ItM) 

0. 

9*97*. 

MSS. 

-1477, 

1*104. 

DCLTA COST-BUY < ItM > 

0. 

040. 

OSM. 

*1*0, 

*04. 

DCLTA COSTS* ISO*) 

0, 

a**to. 

i its*. 

4040. 

**400. 

AOO't ouch phojcctiom: 

TOTAL COSTS 
DCLTA COSTS 

7*4*1. 

0, 

liars i. 
*1170. 

14114. 

lists. 

77944, 

49**. 

t 

944*0. 

**009. 


• Coal* in of tfalUr*. 
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CO.T wmwy WM1 

MMNH W0*m H «r«| LIONT 



costs sot 

coses SSI 

Cf/OCO 000 

cooes 019 

COSCS 004 

HCTHOD 

MMtirc 

OSAO 
» YSS 

OSAS 
> YSS 

9 YSS 

OSAO 
1 VST 

«M9 

9 TOO 

COOT TO rLYOSOO) 

IIM4. 

04191. 

■7100. 

90009. 

*09079. 

COOT TO SUV It *06) 
HATCH I AL 
MMUrACTUHtHO 

I179f! 

7094. 

1179S. 

11119. 

11709. 

11911. 

11709. 

7190. 

11709, 

TOTAL COttKltN) 

709ft. 

t 0997 1. 

St 907. 

79900. 

109019, 

MVM COST-fLY <1906) 

0, 

91979. 

9490. 

-1477. 

tutu. 

OCLTA COOT-0UY< 1 990) 

s. 

040. 

CIOS. 

■SCO. 

tot. 

OCLTA COST9I I OOO > 

0. 

99090. 

11000. 

4049. 

111649. 

aoo'd oven tsojcctiomj 
TOTAL COOTS 
OCLTA COSTS 

TIUli 

s. 

101701. 

91170. 

^>4, 

1*909. 

77944, 

4999. 

177979. 

104009, 


iCtitt in thtutiAli •( Milan, 


COST CunrtMV SCSOST 



cooes 001 

goNAst 
C3SCS 000 

MOOT AO 
costs 009 

MOST AO LI AMT 
COftS 019 

COOCO 009 

MCTMOB 

UATLirc 

OCAO 
9 YSS 

0SA9 
9 TtO 

OSAO 
0 YSO 

OSAO 
9 YOO 

OOAS 
1 TOO 

Coil TO CLY<i9S0> 

ztza. 


S7195. 



COST TO BUY! 1000) 
MATCH I AL 
kamutactuhiho 

0000. 

littD. 

7094. 

11790. 

19119. 

11709. 

19919. 

11700. 

11499. 

11790. 

tOTM. CHTIIIIW 

70991. 

109971. 

C2307. 

79900. 

00097. 

OCLTA C00T-TLY< 1900) 

0. 

19971. 

9010. 

-1477, 

11079. 

SCUTA C90T-PUVU900I 

0. 

640, 

4190. 

0190. 

0407. 

OCLTA COSTS! 1900) 

0. 

11990. 

11000. 

4049. 

10147. 

MT*'t OWCO SOOJCCTlOHt 
TOTAL COOT 'J 
SC^TA COOTS 

79091. 

0* 

101791. 

21170* 

04904. 

11901. 

7VS44. 

4099. 

i??oli 


•cttti in umwaifiM o# MlUri, 


cost tummy kpmt 



coots 001 

OOMASB 

cooes ooc 

HOOT AO 
COtCS 009 

HOOT At LXOHT 
COSCS 019 

CODCN 004 

ACT HOD 
SCATLire 

OOAD 
1 YSS 

OSAO 
1 YOO 

OSAO 
1 VS9 

OSAD 
1 YSO 

OAAC 

1 YSt 

COOT TO FLY < 1900) 

91900, 

04110. 

57190. 

90409. 

01019. 

COOT TO OUYC 1900 > 
HATCSJAL 
IMNUFACTUS1H0 

0900, 

11799. 

7094, 

11799. 

1191 2. 
11709. 

19919. 

11799. 

19999. 

11799. 

TOTAL COST* < 1 900 > 

70991. 

101971. 

01 907. 

79900. 

MM*. 

OCLTA C01T~FLY< 1906) 

0. 

19971, 

9090. 

-1477, 

11109, 

WT 1 A f l)S 1 * OUT 1 

0. 

*40. 

0910. 

0910. 

4209. 

H i in < noli.* I *Mi* * 

A 

» Wo 

II *9o. 

Mil 

10911. 

AVti'D inAS P40ilCt|(M: 
TOTAL COSTS 
DCLTA COOTS 

72*21. 

0. 

103791. 

31170, 

04204. 

11503. 

77544. 

4923. 

99309. 

17742. 
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COOT •UMMMiy ACAOOT 



COMB OB a 

OOMMl 
C0MU BOB 

mooTao 
COMB 009 

NOMAS LI OUT 
COOCB 01 B 

COMB 007 

IC1NH 
mat Lire 

MAO 
» TOO 

1*VH 

if 

•BAB 
9 YOB 

OOftO 
i m 

coot to nyiiM) 

91944, 

041 M, 

97100, 

90000. 

90000, 

CMT TO ktTtlNI) 
PWTtUlM. 
MMurncruuiMO 

0000a 

11700. 

7004. 

11700, 

10111, 

11700. 

1*110. 

11700. 

10404, 

11700, 

total cotiKimi 

TMfl, 

10M71, 

00007, 

79000. 

04000. 

MLTA C09T-rLYU9O4> 

• a 

MITI, 

UN, 

-1477, 

0000. 

KIT ft COOT -BUY <1904) 

• a 

040. 

0000. 

0000. 

0000 a 

NIT* CMTIUHU 

0. 

1M«0. 

11004. 

4040. 

11747* 

nvo't own moJCCYtowt 
TOTAL COOTS 
MLTA coots 

T toil a 
o. 

100701. 

11170. 

04004. 

11900a 

77044, 

4001. 

00014. 

1M11* 


iCaili in t*«u«*n4« mi 1 1 »ri , 


“l'l*ai MTM HiarM LI.HT 
nra «i cmc» m. cwi aa. ccn ait can m 


ftCTMOB 
ICATL l?K 

1*YNS 

OAAO 

0 vos 

■*yao 

•AAO 
* YA9 

• VB* 

COOT TO fLYUOOB) 

sisoo. 

04119. 

07100. 

100 >9, 

77000. 

COOT TO OUYUOOS) 
MftTCBtAL 
NftMUTftCTUBtNO 

0000. 

UTSS. 

7404, 

11709. 

1*110. 

11700, 

11*10. 

11700. 

7001. 

iim,v 

TOTAL COOT9UOOO) 

70091. 

10*971. 

■0907, 

75000. 

00009. 

KLTft COOT -71. YU 0091 

0. 

*0070. 

UM. 

-1477. 

09040. 

MLTA C00T-1UYU904) 

0. 

040. 

♦«*. 

9*00. 

700. 


0. 

1*000. 

11909. 

4040. 

09449. 

M4'» 0MC1 AOOJCC7IOA1 

total coots 

MLTA COOTS 

7X001. 

0. 

100701. 
SI 170. 

MN4. 

11000. 

T7S44. 

4001. 

if 


«Hti I* IHilwn M Ml lira. 


cmt auMwav acroar 

woMMia mwm maraa uam 
caaca mi tan aa* com aa* coaca aia coaca In 


ACT *00 
KATLlrC 

OAAO 
i rot 

OAAO 
1 YA9 

ill 


KrW 

COOT TO n. YU 009) 

9194*. 

04110. 

97199. 

90000. 

97 199. 

COOT TO 0UYU9O9) 
MATCAIAL 
NANUTACTOAINO 

4004. 

117(9, 

74*4. 

11700. 

11*11. 

11700, 

10*10. 

11709. 

1**10. 

11709. 

TOTAL C09TSU909) 

77091 . 

100071. 

00*07. 

79000. 

00107. 

MLTA COOT -7LYU 004 > 

0. 

*0070. 

94*0. 

-1477. 

UN. 

MLTA COOT-OUYUOOO) 

0 . 

440. 

9004. 

4*00. 

9004. 

MLTA C00T4U0O4) 

0. 

1*0*4. 

11004. 

4049. 

11994. 

AUO'O own poojcction: 
TOTAL COOTS 
MLTA COOTS 

70401. 

0 . 

10*701. 

BUT*. 

04004. 

11000. 

77044. 

4901. 

04004. 

1190*. 


•cam in tWuiMa •( aal lira. 
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CMT iUPMMY ACAOftT 



COMO 0*1 

MOMMIt 
COK1 Ml 

MOOT AO 
COMO Ml 

MOOfAO llOMT 
COM4 Ilf 

COMM 111 

ACTMOO 

KMLIfC 




■si 

MOO 

t v*m 

COOT TO rLV<1940> 

IIM4, 

•4 l>« t 

■TltO. 

mo. 

t i7m « 

COST TO BUY< 1900) 
IWIUIM. 
muvncnwiM 

UM, 

11711. 

7tt4. 

urn, 

till!. 

urn. 

lam. 

Il7tf. 

• 107, 
it rtt. 

TOTAL COiriUtMt 

met. 

10017 1 , 

MM7. 

rim. 

iMm, 

•CLTA COf T-7L Y( 1 Nt } 

0. 

91971, 

MM. 

*•1477 . 

•toot. 

OCLTA C04T-OUV<1*99) 

0. 

Ml. 

• MO. 

• MO. 

tilt. 

NLTA CMTKIM) 

0. 

Ill to. 

HIM. 

4149. 

10049. 

am** omch moiccrioNi 
TOTAL COfTf 
•CLTA COOT! 

71111 • 

0, 

iiirfi. 

>1171. 

04104. 

11911. 

77*44, 

mi. 

if mi. 

■1107. 


■ Cast k in thnuimM •# tilliri. 


coot W OWY actoat 



cam mi 

0MM1 
COMO MO 

MOAT AO 

CMC! Nf 

MOAT AO LlOMT 
CNM 111 

COMO 111 

WTMM 

M0TLI7C 

MAI 
a t«i 

MAI 

a ym 

MA* 

a YM 

MAI 

a ym 

MA4 
a YM 

COIT TO PLV(IMO) 

IlMA, 

M1M, 

97190. 

MM*. 

>7990. 

CMT TO MIY<I*T9> 
AATCMAL 
MMMUroCTUOlNO 

MM. 

nr**. 

70*4. 

11709. 

taai a. 

117*9. 

iMia. 

117*1. 

URN. 

lift). 

TOTAL C00TM14M) 

TM1I. 

11M71 . 

natr. 

79100. 

rim. 

MLTA COfT-TLYdflO) 

1. 

>1971. 

MM. 

-1477. 

“141M. 

KLTA C09T-*UY< iHt) 

1. 

041. 

om. 

•MO. 

1*410. 

OCLTA C99TK ft 9*0) 

1. 

>1110. 

lftOM. 

4*4*. 

INI, 

AU0*1 MR POOJCCTICM: 
TOTAL COOTfl 
•CLTA COOT! 

71011. 

1. 

111791. 

>1171. 

•41*4. 

tint. 

77*44. 

4*f>. 

74*>1 . 

stir. 

■c#m in tRtuiinff vy 

Mllin. 








CUT MOMMY ftCAOAT 




COMO Ml 

W9NM1 
COMO Nt 

HM7A* 
CISCO 0*9 

HMTA1 LlOMT 
COOCO lit 

COMO 111 

ACT H00 

•CATLtre 

MAI 

a ym 

MM 
* YM 

MAI 
a ym 


mm 

CO*T TO fLYl 1*M> 

*1111. 

041*0. 

*71*0. 

94*09. 

90409. 

C0*T TO mmtN) 
MAT DUAL 

hANUTACTlOilNO 

HM. 

11799, 

71*4. 

117*1. 

iiaic. 

II7V*. 

iiait. 

117*9. 

nait. 

117*9. 

TOTAL C00TB(19M> 

70*91. 

110*71. 

KMT. 

79100. 

79144. 

BtLT* tWT-fUMUK! 

1, 

91971. 

90*3. 

"1477. 

-1477. 

•CLTA CMT-BUYI1M0) 

1. 

041. 

CBM. 

oat*. 

IHI. 

•«.»» CWI.IlMtl 

0. 

aai^n. 

IIIM. 

414*. 

444*. 


*«*» OWCR MOJCCTIONt 
total COtYt 
PCLTd coor* 


71*11. 


•Cotta in tmuimdt if Mllin 


mm, 

*1 173, 


(1M1 


77144, 


77144, 

4 fit, 
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COST SUMMOY MMfT 



COMB Ml 

UOHASB 

comb am 

MAST AS 
esses soo 

NOSY AS LIONT 

COMB Sl« 

COM4 OSt 

KTM9B 

ac*vi.irr 

•SAB 
B VOS 

b'vSs 

WOOF 

a Y»t 

WOOF 

a yos 

a vss 

COST TO TLYUSM) 

■ISOS* 

soots. 

•BOSS . 

situ. 

1S4IS. 

COST TO 1LIY< IMS > 

NATCH I AL 
NANUT*CTUA1MI 

0004. 

UTH. 

?147. 

lifts. 

OSAO . 

HTM. 

soos. 

UTSS. 

7147, 

UTSS. 

TOTAL COSTS < I MS ) 

TABtl* 

TOM. 

7BBS1 . 

7 !••». 

7BSOO. 

kuto cesi-rLYiiMt) 

s< 

7044. 

IBM. 

-ISO. 

70«4. 

KLTft COST -BUY (ISOS) 

0. 

1*1. 

1174. 

1174. 

101. 

KLTA COSTS! IBM) 

0. 

MM. 

BOBS. 

ltl«. 

•MS. 

AUS*S OWCO m^CTlOMt 
TOTAL COSTS 
SCLTn COSTS 

mil. 

0. 

••Mi. 

0040. 

7S14B. 

INI. 

7B7S7. 

Has. 

•MSI. 

SB40. 


*" Miwimii nt Nllirl. 


cmt m — mv k^mt 



COMB Ml 

UONNBB 

cooes MC 

coses om 

MOAT AS LIONT 

COMO Ott 

COOCS SOB 

ncthss 

MAVLiri: 

MAS 
S YSS 

HOOF 

a vwa 

szz 

a YOB 

HOOF 
B vwo 

COS* TO rLViiio ii 

SISOO. 

90410. 

mu. 

Bitll. 

V714B. 

COST TO BUY! IMS) 
NOTCH rM. 
NfWur<KTU*IM 

SOM. 

1I7M. 

7147. 

UTSS. 

SSM. 

urn, 

BOOS. 

HTM. 

7BM. 

147M. 

TOTAL COSTS < ISM > 

78BS1. 

70 ISO. 

7SBSI . 

71MB. 

70SS4. 

DCLTA COST -ft Y< ISM) 

S. 

7044, 

IBM, 

-Hi. 

SMB. 

BCLTA COST -BUY < 1 SAO ) 

S. 

lit. 

1174. 

1174. 

7B. 

KLTA CSOTBdSM) 

B. 

•an. 

tsao. 

III*. 

MOB. 

AUO'S SUCN FMOJCCTXOM) 
TOTAL COSTS 
KLTA COSTS 

7 Mil. 

0. 

MMl. 

•040. 

7SB4B. 

H2|, 

7B7S7. 

,11N. 

7S91B. 

BM4. 

*c«Mt in I Asms An so t# 

SOllATS. 








COST OUMNASY ACCOST 

IIMIMININmMM 




cooes Ml 

UONAMB 
CSSCS OM 

HOST AS 

coses sm 

Mourns LZoht 
cosco st a 

coses SS4 

ACT HOD 
BCATLirc 

00A0 

• YM 

M 

m 

NOAF 

a vsi 

MOAF 
•* VSS 

HOOF 

a vss 

COST TO TLYCISM) 

S1S40. 

St4ti. 

inn, 

11111. 

70411. 

COST TO BUY! ISM) 
HATCOIAL 
NANUTACTUAINO 

ASM. 

1 17SS. 

7147, 

HTM. 

•soo. 

U7M. 

OSAO. 

1 1TB0, 

70«t3. 

urn. 

TOTAL COSTSUSM) 

TOBSl. 

7IM4. 

7BM1. 

7 ISOS. 

•7141. 

KLTA COST -FLY ( IMS ) 

0. 

7044, 

ISM. 

-MO. 

ISMS. 

DCLTA COST - BUY (1 SOO) 

0. 

101. 

1S74, 

1S74. 

a?. 

DCLTA COSTS! ISM ) 

0. 

MM. 

*s so. 

lets. 

ISOM. 

AOO'I OVCA FftOJCCTlOHt 
TOTAL COSTS 
ECLTA COSTS 

7«Oll. 

B. 

•SMI. 

SS4S. 

7104a. 

mi. 

717S7. 

UM. 

TOOSOB. 

HNS. 


•Cflctc in •# Nllin. 
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COST SL~MA9Y RC^Offr 



CODCS Mt 

UOHAA1 
CODCS DM 

HOST AD 
CODCS MS 

HODTAD light 

CODCS Die 

CODCS DM 

HCTMOf 

•CATLlrC 

•HAD 

» yds 

HO DA 
1 VH 

HOAD 
1 YDS 

HODP 

1 YAS 

HODP 
S YDS 

COST TO fLY< IH4 ) 

stsss. 

3*419. 

mu. 

31211, 

34417. 

cost to Bur< imi 

HAT CM I AC 
HANUTACTUDIH9 

4*9*. 

urss. 

TUT. 

IITM. 

SSM, 

117*0. 

Mfn. 
tin a. 

D594. 

1179S. 

TOTAL. COITD(IHI) 

79931 . 

79194 » 

run. 

rust. 

74921. 

DCLTA COST -fLY < I DM ) 

s. 

7*44, 

1134. 

”134. 

(Ml, 

DCLTA COlT-SUYitSM) 

9. 

III. 

1374. 

*374. 

ISIS. 

OCLTA COITKlfM) 

D, 

MS. 

I»N. 

ins. 

44TD. 

AWS'D OOC* PDOJCCTXOHt 
TOTAL. COSTS 
DCLTA COSTS 

THU. 

C. 

HN1 . 
• Ml. 

VSS4S. 

Itll. 

7*737. 

use. 

77147. 

43Z7. 

|n thauc *n«» of 

*o 1 Ur«. 







COST SOHHAAY At f OAT 




CODCS Ml 

U0HAN3 

CODCS DU 

MOOT Al 

CODCS MS 

HOST AD I.7 0HT 
CODCS DIZ 

CODCS ML 


METHOD MMB *0A* HOAD NO*P HODP 

SCATLIfC 3 Vtl 1 YDS 1 VM 1 YDS 1 VM 


COST TO TLYdSM) 

31344. 

31411. 

3I9U. 

situ 

34319. 

COST TO DUY'lfC** 
HATCDIAL 
HTHUTACTUDIHS 

MM. 

1179*. 

7147. 

117**. 

SSM. 

IITM. 

MM 
1 17*9 

M44. 

11799. 

TOTAL COSTS (IMA) 

7DDS1. 

rim. 

71211. 

71349 

74*44. 

DCLTA C0ST-rLY(l*?4l 

1. 

7S44. 

1*34. 

-M4 

Z931. 

DCLTA COST -BUY < ISM ) 

S. 

I«l. 

1374. 

1374 

(Ml. 

•TCLTA COSTS (ISM) 

S, 

ms. 

ISM. 

III*. 

4311, 

AVS'D OOCD PDOJCCTXOHI 
TOTAL COSTS 
DCLTA COSTR 

72421. 

D. 

MMl. 

S14U. 

73341. 

»n. 

71737. 

1114. 

7719*. 

4374. 

•Costs in tlTSUCAnST of 

so 1 1 art . 







COST SUK.TADY DEPODT 




CODCS Ml 

UOHADl 

cooes cri 

HODfAB 
CODCS MS 

HODfAB 

CODCS 

LIGHT 

912 CODCS M7 


WETMOD 

SCATLlfC 

Git AU 

1 YDS 

HOD? 

3 YDS 

HOOD 
3 YD* 

HOD* 
3 YDS 

HCDP 

3 YDS 

COST TO fLY< 19*4) 

31344. 

33414. 

32922. 

31211. 

S333B. 

COST TO SUY< 1*94) 
HATCDIAL 
HAHUf ACTUD1H0 

49M. 

1179*. 

7147. 

11799. 

SSM. 

1 17M. 

D3M. 

11794. 

■137. 

11799. 

TOTAL COSTS (1994) 

7*2.31. 

79134. 

73291 . 

7134*. 

71794. 

DCLTA COST-TLY ( 1994) 

S. 

7944. 

1134. 

-134. 

1*94. 

DCLTA COST-BUY (ISM) 

3. 

141. 

1574. 

1374. 

1171. 

DCLTA COSTS! ISM) 

S. 

0993. 

Z9M. 

III?, 

IMS. 

AUO'D OVCD PD0/CCT1OH1 
TOTAL C02TS 
DCLTA COSTS 

7242 i . 

9. 

MY61. 

9349. 

73341. 

2*22. 

73737, 

1114. 

74994 . 
1191. 

•C-Jtti in tftoutinst of 

4a| | iri, 
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COST suKNMy »tro*T 


MCTHOD 

icatljfc 


cost to rLV<iso«> 

COST TO auYOMt) 

hatch al 

MAMUTACTUSlM* 
TOTAL COtTKlW) 
DCLTA CO*T-rLYa***> 
DCLTA C0ST-*A< 1900) 
DCLTA COSTS (ISM) 


TOTAL COSTS 
DCLTA COSTS 


hCTMOS 

sc*TLirr 


cost to fly < iso 

COST TO BUV(!S« 
AATtAlAL 

HA W ACT (JAINS 


TOTAL COSTS! 1 SM) 

bclta cosT-ruvas# 

DCLTA COST-SUVUSS 
DCLTA COSTS (ISM) 


AMO'D OOCS MOJCCTIONI 
TOTAL COSTS 
DCLTA COSTS 


VKAMftS 

coses Ml CODCS SOI 

HOST AS MOATA! LIGHT 

coses MS CO(*S SU C00CS SM 

SHAD 
3 YSS 

ho * s 
3 yss 

MOAP 
3 VAt 

MOAA 
3 YSS 

MOSS 
3 VMS 

suit. 

3*411. 

31*11. 

91111. 

17S|1. 

SSM. 

UTSS, 

7HT, 

iiTss, 

SSM, 

117SO, 

•SM. 

11790. 

71*1. 

i!TM, 

Tim, 

7S3SS. 

73101 , 

719*9, 

7*77*. 

s. 

7S44. 

IBS*. 

-35*. 

*147. 

s. 

1*1. 

1374, 

1374. 

179. 

s. 

SMS. 

ISM. 

1119. 

*411. 

It 

TZttl, 

s. 

MSSt , 

S34S, 

79943, 

fill. 

73737. 

113*. 

793M. 

4*07. 

f lalUri, 






COST tUMHASY ffCHOST 

• • •• • ***•*« •*« vm m • • 



coses Ml 

VONASJ 

coses Me 

MOST AS 
cotes 

NOMAS LISHT 
coses on 

e.DC, M. 

SMS 

s vs* 

MOSS 

1 YftS 

NOSS 

5 Vrt 

MOSS 
1 YSS 

MOSS 
3 YSS 

sites. 

91411. 

9I1It. 

91111. 

1**1 1. 

SSM. 

UTSS. 

7147. 

117M. 

SSM, 

117M. 

SSM. 

I17SS. 

SSM. 

117M. 

TSSSl. 

7S39*. 

73181. 

71SSS. 

73101, 

s. 

7044, 

1394. 

-394, 

139*. 

s. 

1*1, 

1374. 

1974. 

1ST*. 

s. 

SMS. 

ISM. 

ms. 

ISM. 

71*11. 

s. 

ssssi . 

S34S. 

73343, 

2911. 

73737. 

113*. 

73343. 
2 SI*. 


•Costs in 


Nliin, 


COST SUHHAlY scsost 



CODCS Ml 

OOMAS3 
COKI 001 

MOST AS 

coses MS 

MOST AS LIGHT 
CODCS Sit 

CODCS 111 

ACT HOD 
SCATLirC 

V 

m 

MOSS 
3 YSS 

MOSS 
a vss 

MOSS 
3 YA* 

MOSS 
3 VS* 

COST TO FLY < ISM) 

S1SM. 

3*411. 

91 SI*. 

91111. 

111714, 

COST TO SUY(ISM) 
hatcsial 
hamufactuaim* 

HM. 

UTSS. 

7147, 

11790. 

esM. 

|17M. 

SSM. 

1 STM. 

;im. 

117*1. 

TOTAL COSTS! ISM) 

7SSS1. 

7839*. 

Till)-; 

719*9. 

1417*1. 

DCLTA COST-FLY I 1 SO* ) 

S. 

7144. 

139*. 

-134. 

1*911. 

DCLTA COSr-SUY(lSM) 

s. 

1*1. 

1374. 

1374. 

194. 

DCLTA COSTS! ISM) 

c. 

SMS. 

ISM. 

1119. 

tsirs. 

AOC'D 0OCS SSOlCCTlOMt 
TOTAL COSTS 
DCLTA COSTS 

71*11. 

*090 1 . 

•340. 

79343. 
If 11. 

73737. 

1134. 

14*173. 

117*1. 


•costs in tnoussnss sr ssiisrs. 
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COST BUHMO SV SfPSOT 

••NlMMVNfltMM 



cose* asi 

0IIW1 
coses SOB 

wostas 
esses SOS 

MOOT AS LI SWT 

esses sit 

esses stl 

NCTWOB 

SCATL17C 

0*A# 

s vss 

i*?!! 

WOOF 

s vss 

» VOS 

MOSS 

* vss 

COST TO rLYUMt) 

S1SS4. 

SOS is. 

um. 

situ. 

4SISS. 

COOT TO SUYUBS4) 
mmni 
mm* actuniho 

MM, 

It TOO. 

riot. 

tins. 

ssss. 

tiros. 

ssss. 

UTSS. 

issst. 

tiros. 

TOTAL COSTS! ItSS) 

roost. 

mass. 

ratsi. 

rtsss. 

7 SOSO. 

DCLTA COST-FLY! 1*S4> 

e« 

▼S44. 

toss. 

"OSS. 

-SOTS. 

DCLTA COtT'WY(llM) 

i. 

ISI. 

ISM. 

1104 • 

asst. 

DCLTA COiTKlMl) 

0. 

SOSO. 

ssss. 

lets. 

4*7, 

AOO'O OUCH AOOJICTIO*: 
TOTAL COOTS 
MIT* COSTS 

ritxt, 

s. 

osssi. 

•M#. 

raws. 

IMS. 

Tlflf, 

UBS, 

rtrsr. 

147. 

•Costs in thsusMSs of 

Sailors. 








COST SUHWASV SCSSST 
tMWt—Mi— MMW 




esses sst 

USMMta 

coses sot 

MOST AS 
cmci ••« 

HOST AO LIOKT 
cooes ste 

coses oit 

WC TWO* 

stMLire 

B VSS 

B VSS 

HSSf 

B VSS 

•"vss 

a vcn 

COST TO rLYUSSS) 

BISS*. 

0*410. 

WOOf* 

Bttlt. 

mil# 

COST TO BUY (IMS > 

mmtcsial 

WANUT AC T US I wo 

ssss. 

ltrss. 

7147. 

itrss. 

ssss. 

ti rip-.* 

ssss. 

UFOS. 

sass. 

UTSS, 

TOTAL COSTS! 1SSS) 

7 MSI. 

reset. 

rstst. 

rtsss. 

7 ISSN. 

DCLTA COST-fLVCl*SS) 

s. 

7S44. 

1*04. 

“104 . 

-oss. 

DCLTA COST-BUY (ISOS) 

s. 

ISI. 

1074. 

1074, 

1*74. 

OCLT* COSTBUSSS) 

c. 

MM. 

to as. 

ISIS. 

teas. 

AOO'D OUCS FOOJCCTIOMI 
TOTAL COSTS 
DCLTA COSTS 

7 Mil. 

s. 

•SMI. 

•04#* 

7S04B. 

INI. 

T*r#?. 

1104. 

7BTS7. 

1IN, 


•Ca«ti in tAouotno* •# Ml | »r( 
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cost v report 



CDMI Ml 

UOMARl 
CAMS AAA 

MOAT At 

CODES AAA 

HOREAS LIOKT 
CODES At Z 

CODE* AAt 

METHOD 

■caiLirc 

C*Afi 

J YRS 

IMHA 
3 Tin 

IWW 

1 YRS 

INMO 
3 YRS 

1MM0 

1 Y"S 

COST TO rLY(IMt) 

SIIU, 

#•111*, 

571**, 

ISAS*. 

141)9, 

COST TO BUYU9AA) 

MATERIAL 

hAwur>CTimiN<j 

IVM, 

HTM, 

INI ■ 
MM, 

1314, 

MM. 

1114, 

MM, 

INI, 

t«N. 

TOTAL COSTS ( 1VM) 

7*191 » 

AA977. 

AS44A. 

9AS41 « 

aaatt. 

DELTA COST-f LY! i IM ) 

A, 

M97(, 

SIN. 

-1477, 

1X971* 

DELTA C0ST-9UY! IfNI 

A. 

-13941. 

-11931 , 

-inn, 

-13*4*. 

DELTA COSTS (ISAS) 

A, 

issts. 

-AAAI, 

-14AIA, 

lAAXS. 

AUO'D OVER PROJECTION! 
TOTAL COAT* 

DELTA COSTS 

72*11, 

i. 

ia*trx, 

MfSI. 

USN, 

istn. 

Alias, 

■717, 

1*9171, 
1*351 , 


■ Coats in thouiiflrii of tfitlin. 


COST BUNMARY REPORT 



CODER AA1 

VOMAR) 
COACH AAt 

MOAT AS 
CODEX AAA 

MORE AS LIGHT 
CODEX Alt 

CODES MS 

METHOD 
1CATL I rc . 

ORAD - 

1 YRB 

*• IMMD 

' j y»« 

IhMO 
3 VW 

IMMD 
3 YRfl 

1MMD 
J YRR 

COST TO ELY (ISAS) 

3&SAA. 

A4139. 

371**, 

3 AAA A, 

7473#, 

COST TO AUYU3A4) 

MATERIAL 
MAMUE ACT UA I NO 

I9S4. 

117*9. 

19*1. 

XA1A. 

1314. 

2AM. 

3314. 

2AM, 

! At A. 

IA1S, 

TOTAL COSTS! ISAS) 

7A19I* 

•AA77. 

*344#, 

3*341. 

7A4AA. 

DELTA COST-rUYdAAA) 

A, 

1X371. 

SAM. 

-1477, 

231A4, 

DELTA COST-SOY ( 1 AAA ) 

A* 

-13*4*. 

-12333, 

-1X313. 

-I4A17. 

DELTA COSTS (1 AAAI 

a. 

last*. 

-AAAI. 

-I4AIA. 

A147. 

*U«'D OUC* PROJECT I OH J 
TOTAL COSTS 
DELTA COSTS 

7**11. 

9* 

icrtTt. 

3*931. 

NSW, 
13 AAA. 

AI33A. 
■ 737. 

99X7*. 

2AA97. 

*Co»l» In thousands of 

ss liars. 






COST SUMMARY REPORT 



CODER AA1 

DOHA* 3 
CODER AAt 

MORf AS 

CODER SRA 

HORFAS LIGHT 
CODER A1Z 

CODER AA4 

METHOD 

•EATLIEE 

ORAD 
1 YRS 

I MOD 

3 YRS 

1 HMD 

3 YRS 

IMHO 

9 YRS 

IMHD 
3 YRS 

COST TO ELY! I***) 

S1SAA. 

•4139. 

371**. 

SAASA, 

1S3A7A, 

COST TO 9UY( 19A* ) 
MATERIAL 
MANUFACTURING 

SARA, 

117*9, 

INI. 

2AM, 

3314, 

Z9M, 

3314, 
2 A3 A. 

1777. 

2*1*. 

TOTAL COSTS! ISA* ) 

7A931. 

•SA77, 

6344S. 

3*341. 

1*779). 

BtL7» CO*T-ftV<l!»*, 

B. 

3,(572. 

SAM. 

-1477, 

111911. 

DELTA COST- AUY! ISA* ) 

S. 

-1354*. 

-1233). 

-12331. 

-14A7S. 

DELTA COSTS! 1AM) 

B, 

ISM*. 

-S9A1. 

-14*11. 

97441. 

AVfl'D OVER PROJCCTIOHI 
TOTAL COSTS 
DELTA COSTS 

71*21. 

S, 

1*9172 , 
3*331. 

•ASM. 

199A9. 

A133S. 
■ 737. 

1S3XA4; 

113*44. 

•Costs In thousands of 

do 1 t«rs. 
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COST 9UNMAOY REPORT 



CO MS Mi 

UONAftl 
COM* Ml 

NOOfAi 
COMO M9 

Norms LIGHT 
C00C9 Oil 

COpCM 009 

METHOD 

KflTLirt 

asAft 
* vns 

I WO 

i y»i 

two 

1 VOS 

I wo 
1 VOS 

I KAO 

* yrs 

COIT TO f L Y { 1 Hi ) 

IIM4. 

041*9. 

sriM. 

30009. 

0*444, 

COST TO MV(ltM) 
MATERIAL 
NANUTACTURIMO 

MM. 

arts. 

IMI, 

MM. 

1114, 

MM. 

**14, 
29 tc. 

2*49, 

29*0. 

TOTAL COSTS ( t >M > 

riiiti 

•4*77. 

4*440. 

t'614 1 , 

097*9. 

dcuta co«r-rLY(HMi 

s. 

*2372, 

SIM. 

-1477. 

11079, 

dclta cost -buy <tm) 

■> 

-11944. 

-11311. 

-1*92*. 

-1*497, 

nCLTA COITIUWI 

s. 


-4900. 

-14010. 

-oto. 

AOG'D DOCn PROJECTION! 
TOTAL COSTS 
DELTA COSTS 

724X1* 

0* 

109172. 

3M33. 

003*0, 

199*9, 

01*30, 

07*7, 

94999, 

22*79, 


• Cast* in thousand* of doMiri* 


COS" SUMMARY REPORT 


UOHAR1 WMfM HOifM UOHT 



CODES OOl 

COKN 002 

C0*2ft 009 

CODES Oil 

CO CCS 090 

METHOD 

SCATLIFC 

ORAD 

* voo 


1W0 
* Vltt 

INMD 

a VR9 

INMD 

a ms 

COST TO rLY(1900> 

31900, 

04109. 

37190, 

90099, 

09010. 

cost to ouyatoo) 

HATER I AC 
HAHUTACYUfUrXl 

0900. 

ilTffl. 

1901, 

2.9**, 

0014. 

*990. 

9114, 

MM, 

1009, 

2990. 

TOTAL COSTS! ISM) 

70*31. 

Btf*7T, 

0*440, 

90941, 

70000, 

DCLT, C0S!-aV(|M4l 

0 , 

*2972. 

3090. 

-1477. 

1*209. 

DELTA COST -Otfr (1900) 

0, 

-11940, 

•>11911. 

-123*1. 

-1*347, 

DELTA COSTS (1.900) 

0. 

19434. 

-0909. 

-14010, 

-204. 

AUO'D OVER PROJECTION! 
TOTAL COSTS 
DELTA COSTS 

1 720E1, 

0 . 

10917*, 

*4831. 

00310. 

13909, 

•1*30. 

•737. 

93197. 

Ilf*, 1 , 

•Cost* In thousands of 

dol lars. 






COST SUMMARY REPORT 



c oor» mi 

UOHMI* 
CODES 002 

MORE AS 
CODES 009 

NORfAB LIGHT 
CODES 012 

CODES 007 

METHOD 

SCATLIfC 

OOAO 
* YRS 

INMD 

* YRS 

IMHO 

3 YRS 

INMD 

9 YR9 

imo 

* YRS 

COOT TO rLY(l9M) 

31300. 

041*9. 

371M. 

30009. 

39003. 

COST TO BUY (IS?*) 
material 
MANUFACTURING 

4934. 

11799. 

1901. 

29*0. 

3914, 

2990 , 

*914, 

29*0. 

3111. 

2*90. 

TOTAL C0STS(1904) 

709S1. 

00977, 

01440, 

30341. 

4493*. 

DELTA COST-rLV(190S) 

0. 

*2372. 

3030. 

' -1477. 

■2*9. 

DELTA COST-BUY (1900) 

a. 

-13944. 

- 1*3131 , 

-12311. 

-12733. 

DELTA COSTS (1900) 

0. 

10424. 

-090*. 

-14010. 

-4497. 

AUO'D OUER PROJECTION! 
TOTAL COSTS 
DELTA COSTS 

7*021 , 

«. 

499172, 
34331 , 

00390. 

13909. 

ataso, 

0737. 

90220, 

17399 


•Cost* in thsuiintfi of foilirt, 
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cos? sunnasy mcmsst 

Mi 

imi Wl M*fM HMf A# LlSHf 



COMM Ml 

COMM OM 

CMH OMO 

csacs on 

COOCM MM 

ACT MOM 

scATLirc 

OSAO 
a yms 

INNS 

a vos 

IlfO 

a vms 

I NMD 

a yms 

IMS 

a vms 

COftT TO rLVttOM) 

SIMM* 

0-4 ID? « 

■TIM. 

MM*. 

TTSSS* 

COOT TO »jV<*9S*> 
NATCStAL 
NANUTACTUIINO 

ASM* 

11790* 

loot* 

toss. 

1114. 

«oao* 

1114. 

ao as. 

Hit. 

to as. 

TOTAL COSTS!) ••#> 

7M91. 

ooorr* 

0441. 

94*4 a. 

st ass. 

DCLTA COST-FLY! 19SS) 

0* 

**sr«. 

SAM. 

-I4FT 

V994S. 

DCLTA COST - MOV < ) MM 1 

0* 

<•11940* 

-tafia* 

-HIM. 

-109BI. 

DCLTA COSTS! 1900} 

«. 

ISAM* 

-49SS* 

-14MAM. 

ItMT. 

AVS'D OU<U» MOTCCTlONt 
TOTAL COSTS 
DCLTA COOTS 

risxi, 

0. 

tootrx. 

MSI! . 

sms as. 
ISMS* 

•ills. 

tFAT. 

IMYS44. 

199X4. 


aCn t i in th*u»*nM* «f Ml^i f 


ACTMO* 

tCHTLirt 


C01T SUNHAMY MCAOMV 

U 0 MA*» *was Hour mi tiawr 
c*rr« m comm sst coses mm -smscs ait comm mo 

s«s» imm inns ”iiw 
J W »J«3V VB3 i VMS 


COST TO 7LYU9SS) 

S1SS4* 

*41*9. 

IVIN. 

SMSf . 

ST ItS. 

COST TO IUY! 1SSS> 
KAFCAlAL . 
NAHUr ACTUM IN# 

S9SS. 

11799. 

1991. 

trm. 

1114. 
It MS. 

M14. 

it as* 

11U. 

ISM. 

TOTAL COiTSIlfM) 

TSMSi * 

M9T7* 

sat 4i. 

MS4t* 

SD44S. 

DCLTA COST-TLY! 19SS> 

A. 

aas7«. 

mm. 

-1477. 

Mas. 

DCLTA C0ST-MUYU9M) 

S. 

-11S4S, 

-tt;aa, 

-las as* 

-iiiaa. 

DCLTA COSTS! lOSS) 

i. 

issts. 

-S9M. 

“14SIS, 

-Ml* 

AOS'D <K*» AMOJCCTIONl 
TOTAL COSTS 
DCLTA COSTS 

rtsai. 

s* 

199171. 

DSSS1. 

/P*. 

itsso. 

•lass. 

•717. 

OMSK. 

1SSS9. 


Nlltri. 






COOT OUMWOMY CTtPOMT 


UONAN1 
COMM OOt 


Hcmrt* NOMAS UOHT 


ncTHoa 

SCATLirC 

SMA9 

1 VMS 

INNS 

a m 

imu 

1 VM* 

INHD 
1 VMS 

INNS 
1 VMS 

COST TO rLYCISMS) 

sisss. 

#4119, 

97 IDS. 

SSM9. 

117S19* 

COST TO OCY(tSSS) 
AATCMIAL 
NANUTACTUMXNS 

IMM, 

11799* 

isst. 

19f«. 

1114. 

ISIS. 

1114* 

ISIS* 

HI). 

1913. 

tot*. co.raii***) 

mu. 

SS977. 

urn, 

SSS41* 

141SM. 

DCLTA C0ST-rLVU9#S) 

s. 

11971* 

94 IS. 

-1477. 

MS4S1, 

DCLTM CO.T-KlYtlMM) 

s» 

-iat4S. 

-11911. 

-mas. 

-IMIS. 

0£LT* COITf (1M) 

s. 

1BS14. 

-SMTc 

•14011. 

71447, 

AVO»D OOfM rSOJCCTIONl 
TOTAL COSTS 
DCLTA COSTS 

7 ISIS, 

M. 

1S9 ITS, 
N9U. 

sssas. 

19*97. 

■11SS* 
•7 IS. 

HUM. 

9SS4M. 


*Co«i» in tft«ua«no tf n«IUrs. 
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cost summary report 



CODE* ssi 

00HAR3 
CODES SSZ 

NOATAS 
CODES 119 

H opr Aft LIGHT 
CODES 812 

CODES 8U 

method 

scATUrc 

MAD 
3 YAS 

IMMD 
3 YAS 

I HAD 
3 YAS 

ihrio 
3 YAS 

IMMD 

3 YAS 

COST to rUY< 19861 

sisss* 

(H139, 

37194, 

58889, 

37336, 

COST TO 80Y<lt86) 
HMTCAIAL 
MAHUT ACT UR I HO 

mi, 

11799, 

mi, 

2936, 

3314. 

29)8, 

1114, 

2918, 

3376. 

2938, 

TOTAL COSTS (15M) 

78331, 

••977 « 

43448, 

36941, 

44A58. 

DELTA COST-FLY (1984) 

8, 

12372, 

561*. 

•1477, 

-14838. 

DELTA COtT-MJY(190«j 

• 1 

-13940, 

•*12333 , 

-12335. 

-18271, 

DELIA COSTS! I9K 1 

■ , 

18114, 

-4983. 

-14812, 

-24M1. 

AOO»D OUCH AAOJCCnOHi 
TOTAL COSTS 

delta costs 

72623, 

«. 

109173 , 
36332. 

8ISM, 

13987, 

81338, 

8733. 

79163, 

4542, 

■Coils in tltDuiintfi of 

do | J !.r». 








COST SUMMARY REPORT 




CODER 881 

U0HAR3 
COSES 882 

H ORTAS 
CODES 889 

HOP r Aft LIGHT 
CODES 812 

CODER 812 

ACT WOO 

bcati.ifc 

MAD 
3 YAS 

IMMD 
3 YRS 

IMMD 
1 YRS 

IMMD 
3 YAS 

IMMD 
i mm 

COST TO TLYCIvm ) 

31344, 

84139, 

57196, 

58889. 

38889. 

COST TO JN)Y 1 1964 ) 

material 

MANUFAC Tiff I MO 

6988. 

11799. 

1981. 

2938. 

3314. 

2938. 

1114. 

2918. 

3114, 

2938. 

TOTAL COSTS ( 1983) 

78333. 

88977. 

63448, 

56341. 

34341. 

DtLTA C0ST-rLV(19M) 

8, 

32572. 

5618. 

-1477. 

-1477. 

DELTA COST -80YC 1984) 

8. 

-13948, 

-12535. 

-12533. 

-12333, 

DELTA COSTS f 1988) 

8. 

19624. 

-6985. 

-14812. 

-14812. 

AOO'D COER PROJECTION) 
TOTAL COSTS 
DELTA COSTS 

72*21. 

8, 

189175. 

14352. 

88318, 

15917. 

81158. 

8715. 

81258. 

•795, 


•cnsti in thoussnd* 0 / do|i«r«. 
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SEAT CUSHION LAVER MATERIAL 

MATERIAL CODE NUMBER! 004B 
PRODUCT NO. I 

MATERIAL NAME! NFR URETHANE 

DESCRIPTION ! POLYURETHANE FOAM. NON-FIRE RETARDED. 
MEDIUM FIRM. 1LD32 

SUPPLIER'S NUMBER! 2 
DENSITY! 1.200 LD/FT2 OR FT3 

DENSITY FIRE RETARDANT FOAM! 0,000 LB/FT2 OR FT3 

COSTI « 0.480/FT2 OR FT3 

YEARLY COST INCREASE! OX 

UNIT COST CHANGE/VQL. COST! * 0.000/* 0. 

END OF SEAT CUSHION MATERIAL REPORT 


SEAT LAYER DESIGN REPORT 

*tt*»M*ttlit**M«M«**** 


SEAT DESIGN NUMBER! 013 


LAYER 

NAME 

CODE NO. 

* HANUFACTURrR'5 COST FACTORS 
- I AfcfiR ~ rARRinATIGt! 1.0 ) 

A 

UOOL/HYLON 


005 


- PLANNING 

1 .00 

B 

NORFAB AL 


Oil 


ASSEMBLY 

1.00 

c 



-0- 


- INSPECTION 

1.00 

D 



-o~ 


~ TODLIHG 

1.00 

E 


— 

-0- 

- 

DEVELOPMENT 


F 

MFR URETHANE 

: UK 

004K 


- DESIGN 



NFR URETHANE 

BM 

004B. 


ENGINEERING 

1 .00 


NFR URETHANE 

HD 

OO + B 


- SUST. 







ENGINEERING 

1.00 

* FIRE 

PERFORMANCE PARAMETERS 


- 

OVERHi.ril 







• TOOLING 

1 .00 

1LD ( 

BK> = 0 ILD(BT) » 0 

ILD(HR) 

* 0 

- MISC. 

i .oo 






APPLY TO DESIGN* 001 

2.5 

FLUX! MOOT = 

0 . OOE+OO 

E = 

0.00 

NFG X/YR INCREASE 0. 


5.0 

FLUX! MOOT » 

O.OOC+OO 

E = 

0.00 



7.0 

FLUX! MDOT « 

0. OOE+OO 

E » 

0.00 




* LIFETIME OF A SFAT MEASURED IN NUMBFR UF YEARS 

BOTTOM - 2.S BACK = 5.0 HEADREST * 5.0 


SEAT CUSHION HEIGHT PER CUSHION D.t.l 4/2 2/B2 

iiiiiiitiiimiimiimiiimi 

SEAT CUSHION DESIGN HUNGER! 013 
VS. 

SEAT DESIOH REFERENCE NUMBER! 00! 

BACK BOTTOM HEADREST TOTAL 


LBS 

*LBB 

LBS 

«LB5 

LBS 

1 LBS 

LBS 

11 IS 

COACKJ 

1.83 

0.70 

3.08 

-0.02 

1.34 

0.02 

6.25 

0.20 

SHORT 

1.03 

HAUL! 

0.20 

3.08 

“0,02 

1.34 

0.02 

6.25 

0,20 

1ST class; 
2.01 0.21 

3.34 

-0.03 

1.60 

0.00 

6.75 

0,1? 


* DELTA HEIGHT 


END OF THE HEIGHT REPORT 
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COOT SUMMARY REPORT 



CODE" Ml 

U0NAR3 
CODES 882 

HOME AS 
CODES 889 

H ORTAS LIGHT 
CODES 812 

CODES Si 3 

HiTNO 1 ) 

tcATLirc 

GRAD 
3 YRS 

GRAD 
3 YRS 

WEE 5J# 

GRAD 
3 YRS 

GRAD 
3 YRS 

CO*T TO fLY(l9»t) 

513*6, 

0<(139, 

57 1 96 . 

58089, 

33248. 

COST TO BUY(19M> 
material 
manufacturing 

6908, 

ilYff. 

7636 » 
11799, 

13312. 

11799, 

1331 2, 
11799. 

13312. 

11799, 

totw. costs asM) 

70333. 

113574. 

82387 • 

75288. 

78358, 

OCLTn COST-rtY (!»•*> 

9 . 

32372. 

S63«. 

-1477. 

1682. 

KLTA COIT-MJYd.K) 

9 , 

648. 

6324. 

6324. 

6324. 

OCLTrt COSTS! 19K> 

0, 

33228. 

11953. 

4847. 

8M5. 

*0«*0 OOCR projection: 

TOTSL COSTS 
•CLTN COSTS 

72623. 

s. 

183793. 

31178, 

84204. 
11381 . 

77344. 

4921. 

88364. 

7M1. 

■Cottt in thousand* of doliiri! 







COST SUMMARY REPORT 




CODES Ml 

UOHAR J 
CODES 882 

N ORTAS 
CODES SS9 

N ORTAS LIGHT 
CODES 812 CODES 913 

METHOD 

8CATLITE 

GRAD 
3 YDS 

NORA 
3 YRS 

NORP 
3 YRS 

NORP 

3 Ykt 

NORP 

3 YRS 

COST TO rLY<19a6) 

31366. 

59418, 

52922, 

51211. 

51971. 

COST TO BUY ( 1 996 > 

MATERIAL 

NANUF ACT UAI NO 

6989. 

UTSS. 

7149. 

11790. 

8562. 

11799, 

9562. 

1179B. 

9362. 

11798. 

TOTAL COSTS £ ISOS) 

78333. 

76338. 

73283, 

71371. 

72932. 

DELTA C0ST-rLY<lSS6) 

9. 

7844. 

1336. 

-356, 

495. 

DSLTA COBT-»UY<1906> 

9. 

161. 

1374. 

1574. 

1374. 

DELTA COSTS (ISM) 

S. 

INS . 

2938. 

1210. 

1979. 

AO0'D OUCR PROJECTION? 
TOTAL COSTS 
DELTA COSTS 

72623. 

S, 

8896 3. 
8340. 

73545, 

2922. 

73731. 

1136. 

74332. 

1929. 

•Coin In thouiondi of 

do) Ur*. 








COST SUMMARY 

REPORT 




CODES Ml 

U0NAR3 
CODES 082 

NORPA* 
CODE. M9 

N ORTAS LIGHT 
CODES 912 

CODES 013 

METHOD 

SCATLXTC 

■ !S 

IHMO 
3 YRS 

I HMD 
3 YRS 

IMNO 
3 YRS 

IMHD 
3 YRS 

COST TO TLYC19M) 

31566. 

84139. 

57196. 

30609. 

53240. 

COST TO BUY (1966) 
MATERIAL 
MANUFACTURING 

6986. 

11799. 

1961. 

2930. 

3314. 

2930. 

3314. 

2939. 

3314. 

2930. 

TOTAL COSTS (1986) 

78353. 

00977. 

63446. 

56341. 

39390. 

DELTA COST-TLY < 1 966 ) 

0. 

32572. 

3630* 

-1477. 

1602. 

DELTA CO6T-0UY ( 1 9B6 ) 

0. 

-13948, 

-12535, 

-12333. 

-12533. 

DELTA C0ST6(1966> 

e. 

10624. 

-6905. 

-14012. 

-10053. 

AUG * D OUER PROJECTION? 
TOTAL COSTS 
DELTA COSTS 

72623. 

0. 

169173, 

36532. 

0053C. 

15907. 

61336. 

8733. 

84343. 
1 1922. 


•Cost* in thau**nd» of aolUn 
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Development of an 
NASA Final Report, 


Editor's Note: 


APPENDIX. F -1 


Algorithm and Data Gathering for Aircraft Seats 
P.0, it A84863B, ECON, Inc. 


Sections of this Appendix have been deleted for 
the sake of brevity. A complete copy of the 
original manuscript may be obtained upon request. 
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DEVELOPMENT OF AN ALGORITHM AND DATA GATHERING 
FOR AIRCRAFT SEATS 

FINAL REPORT 


ECON, INC. 

August 31, 1981 

Distribution of this report is provided in the interest of 
information exchange. Responsibility for the 
contents resides in the author or 
organization that prepared it. 

Prepared under P.0. NO. A84863 B (EAF) bj) 

ECON, INC. 

San Jose, California 
for 


AMES RESEARCH CENTER 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
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FOREWORD 


This final report has been prepared for the Chemical Research 
Projects Office at Ames Research Center of NASA, Moffett Field, 
California, under P.0. NO. A84863 B (EAF). 

This report consists of documentation for the work performed 
under the four contract tacks and serves to specifically 
direct the computer application of the aircraft seats algorithm. 
The report is organized as follows: 

I. OVERVIEW OF AIRCRAFT SEATS ALGORITHM 

II. DATA ORGANIZATION 

CUSHION DIMENSIONS DATA FILE 
CUSHION MATERIALS DATA FILE 
CUSHION CONFIGURATIONS DATA FILE 
REFERENCE CUSHION CONFIGURATION DATA FILE 
AIRCRAFT FLEET PROJECTION DATA FILE 
'NEW' AIRCRAFT DELIVERY SCHEDULE FILE 
FUEL COST PROJECTIONS FILE 

III. LOGICAL PROGRAM FLOW 

DETAILED PROGRAM FLOW 
OUTPUT REPORTS 
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I. OVERVIEW OF AIRCRAFT SEATS ALGORITHM 


ECON, Inc. has developed a methodology to calculate estimated costs 
of the manufacture and use of advanced aircraft seat cushion configura- 
tions that are being evaluated by the Chemical Research Projects Office 
(CRPO) at NASA-Ames for improved fire performance characteristics. The 
methodology has been appropriately designed and documented for easy 
adaptation to computer processing. 

The primary focus of this effort has been on the evaluation of the 
cost impact associated with manufacturing and flying various seat con- 
figurations HVn a U.S. aircraft fleet-wide basis. In addition, the 
approach developed will provide a logical framework for the storage of 
physical properties data and fire performance indicators for each seat 
configuration. Figure 1 illustrates the significant parameters that 
influence the seat manufacturing cost and the weight impact on fuel 
consumption of flying heavier or lighter aircraft seats. Each of these 
parameters are discussed in detail in the second section of this re- 
port. 

Figure 2 provides a top-level, logical view of the proposed model 
flow. This is expanded upon in the last section of this report in a 
detailed, step-by-step, presentation of the model methodology. In 
addition, the summary reports have been specifically defined and are 
provided in conjunction with the detailed flow. 

The development of the approach documented herein was significantly 
influenced by the nature and availability of pertinent data. In areas 
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where data is severely limited, as much flexibility in the data structure 
as possible has been suggested. For example in the area of calculating 
seat cushion manufacturing costs, there is currently very little insight 
into the major cost components and how they will be affected by new 
materials. The methodology developed allows the user to work with 
data at several levels of detail, depending upon what;'is available to 
him. Discussions between ECON and CRPO are currently in progress to 
find means to expand upon this data base through NASA •• funded contracts 
with seat manufacturers to actually build seats with alternative cushion 
configurations and track costs in an appropriate manner. Once a good 
baseline set of manufacturing cost data has been provided, cost estimat- 
ing tools such as the RCA Price model could be used to generate costs 
of future cushion designs. 

Because the Ames program is focused on cushion configuration al- 
ternatives, other components of the seat structure are not considered 
at this time. Furthermore, the methodology presented reflects a very 
simplified approach to cushion design and dimensions in which both the 
bottom and back cushions are rectangular in shape with uniform dis- 
tribution of all materials across the rectangle. The dimensions of 
the bottom and back cushions may be specified individually, but it 
is assumed that they will be comprised of the same materials. 

Despite the simplifying assumptions and limitations outlined 
above, the methodology developed can provide a valuable tool for the 
comparison of one seat cushion configuration with another and to 
assess its impact on the cost to manufacture and fly an improved 
aircraft seat. 


* 
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II. DATA ORGANIZATION 


The data required by the aircraft seats algorithm, as configured 
by ECON, has been organized into the following logical groupings: 

cushion dimensions data 
cushion materials data 
cushion configurations data 
reference cushion configuration data 
aircraft fleet projection data 
. 'new' aircraft delivery schedule data 
fuel cost projections data 

Each of these data groupings is referred to as a data file in the follow- 
ing pages. The contents of the data files and the manner in which the data 
are used in the algorithm are discussed. An initial set of data is docu- 
mented, based on the data gathering efforts under this effort. In addition, 
a sample display format for each data file is provided. 

The detailed program flow in Section III of this report refers to the 
types of data stored in each of the data files as the data is required by 
the algorithm for computational or display purposes. 


> 
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FIGURE 1 

MODEL APPLICATION 


MODEL INPUT PARAMETERS 


• CUSHION MATERIALS 

• DENSITY 

• RAH MATERIAL 


CUSHION DIMENSIONS 

MANUFACTURING PROCESS COSTS 

A/C FLEET PROJECTIONS 
■ HUMBER OF A/C 

• NUWER OF SEATS PER A/C 

• SEAT MU (COACH, 1ST CLASS, CTC.) 



• SEAT LIFE 


MEL OUTPUT 


COSTS PER SEAT TO - 

• iisriurACTURE 

• FLY (HEIGHT IMPACT) 


• WEIGHT IMPACT OH FUEL CONSUMPTION 

• FUEL COSTS 


TOTAL COSTS O'/CR CtlTlRC 
FLEET FOR SPECIFIED TIME 
HORIZON TO - 
• MANUFACTURE 
■ FLY (WEIGHT IMPACT) 


& 


FIGURE 2 

MODEL CONFIGURATION 









CUSHION DIMENSIONS FILE (DIMEN) 

The user of the aircraft seats algorithm may vary the dimensions 
of the aircraft seat cushions to reflect an actual change in typical 
cushion dimensions, or to examine the impact of a proposed change in 
cushion dimensions. The dimensions to be used are stored in the cushi 
dimensions file, in terms of the length, width and thickness of both 
the bottom and back seat cushions. Different sets of dimensions may 
be stored for coach and 1st class category seats. These data serve 
to approximate the size of the cushions and do not take into account 
any seat contouring or irregular seat shapes. 

The initial data set for this file contains the dimensions used 
by CRPO in their initial work to determine typical coach seat cushion 
weights: 

. BACK CUSHION: 26 in. x 17 in. x 1.5 in. 

. BOTTOM CUSHION: 18.5 in. x 18.9 in. x 3.0 in. 

It has been assumed that the primary difference between coach and 
1st class seats is the seat width. Thus, the initial data for 1st 
class seats width is 2 inches greater than that specified for coach 
seats. 

The user may also bypass the calculations of seat area and volume 
using seat cushion dimensions, and directly input the cushion area and 
volume. This option may be desireable when area and volume informa- 
tion is available and better reflects a seat cushion size, with its 
various contours and irregular shapes, than dimensions data can pro- 
vide. Area and volume data would be input to the cushion dimensions 
file in lieu of length, width and thickness data for back and bottom 
cushions for both coach and 1st class seats. 

The display format for the cushion dimensions data file (DIMEM) 
is provided on the following page. 
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SEAT CUSHION MATERIALS FILE (MATERL) 

The file of seat cushion materials contains all materials that are 
used to create seat cushion configurations for the aircraft seats algorithm. 
Each material is numerically coded, with materials currently included in 
the file identified by the code established by the CRPO. In addition this 
file contains: the material name; product number; a brief description; 

the material supplier, the density; and several estimates of a unit cost. 

In some cases, one material may be available in a variety of thicknesses, 
in which case a lower-case alpha character will follow the 3-digit 
material code to differentiate between thickness. 

The initial data set for the seat cushion materials file has been 
provided by the CRPO and is shown in Table 1 . The material prices 
currently listed are those quoted to CRPO for their purchase of a 
limited quantity of materials. The user may enter other price estimates 
to more accurately reflect the material price in a large scale market. 

The display format for an entry ir the materials file (MATERL) is 
also provided. 
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SEAT CUSHION CONFIGURATION FILE (CONFIG) 


The seat cushion configuration file may contain up to 1000 combina- 
tions of available seat materials (from the materials file) for evalua- 
tion in the aircraft seats algorithm. As new materials are added to 
the materials file, new configurations can be specified. A cushion 
configuration, as currently defined, can be comprised of all or a sul set' 
of the following layers: 


LAYER A - 
LAYER B - 
LAYER C - 
LAYER D - 
LAYER E - 
LAYER F - 


Upholstery 

Scrim 

Heat Blocking Layers 
Airgap Layer 
Reflective Layer 
Foam 


The cushion configuration code has already been generated by the CRPO 
for over 300 configurations, as listed in Table 2 . These codes are 
maintained in this data file. Any additional configurations can be 
added to the file and will be assigned the next available numeric code. 

In addition to a definition of the configuration by code and the 
materials used for each layer, this file contains information about the 
cushion configurations wear life, cost and fire performance. The 
cushion wear life will probably be different for the bottom and back 
cushions, and is tracked separately throughout the algorithm. However, 
due to the limited information currently available, the manufacture and 
fire performance in bottom and back cushions are treated the same for 
the purpose of this exercise. 


Manufacturing costs can be handled by the seats algorithm in several 
fashions, to allow for the variability in the data available. The most 
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simple approach, Method A, is the direct input of the total cushion price. 
If greater insight into the cushion price is available, a price breakdown 
that includes labor cost, development cost, and overhead and profit rates 
may be used. The algorithm will then generate a total price based on the 
sum of labor and development costs, multiplied times the overhead and 
profit rates: 

TOTAL $ = (LABOR $ + DEVEL $) x OVERHEAD % x PROFIT % 

Alternatively, using Method B, there may be no actual cost data available 
for a particular configuration, but only educated judgements on how the 
manufacturing process will differ in reference to a known seat configura- 
tion. The Reference Configuration (REFRNC) file contains the information 
on the costs to manufacture a selected reference seat, broken down as 
fol 1 ows : 


LABOR: 

DEVELOPMENT: 

OVERHEAD : 

OTHER: 

FABRICATION 

DESIGN ENGR 

TOOLING 


PLANNING 

SUSTAINING ENGR 

FRINGES 


ASSEMBLY 


OTHER 


TOOLING 





The data may be available at the category level (i.e., labor, develop- 
ment, overhead, other) or at the sub-category level (i.e., fabrication, 
planning, etc). Data is entered and stored for the new configuration to 
indicate that, for example, fabrication costs are estimated to be 25% 
higher than the reference, f ::?d design engineering 10% lower. These 
differences are stored .a?, fin: tors in the configuration file. The 
seats algorithm wiH ufd these t'4 generate total seat cushion costs. 

Finally, the seat cc':vk>;'< configuration file will contain the fire 
performance chav v j£teri sfVtis of a specific configuration. At this point, 
these are not directly: dsed'.%- ''$&$•', Bl gori tip , but merely stored in a 
convenient location for reference- by the algorithm >*ser. There are 
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many potential measures of fire performance that could eventually be 
included in this file. However, under this effort only three will be 
addressed: 

Radiant panel test results 
. Modified heat release calorimeter test results 
. C-133 test, derived egress time 

The initial data set for the configuration file is largely com- 
prised of the definition of configurations established by the CRPO. 
Two of these configurations contain an amplified set of data to in- 
clude seat wear life and manufacturing costs, as presented in Table 
/3. There is no fire performance data available at this time. 

A display format for individual entries- in the configuration 
file (CONFIG) is also provided. 
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TABU J . StUCItD EHiaiES IN SCAT COhT ItJRAI ICli DATA fILt 1 

CONFIGURATION # 0017 

LAYER A MS UOOL/MLOU 


LATER 0 

LAYER C 009 VOnAR NO. 

3 


LAYER D 
LATfR C 



LAYER r 017 fR WCTHAfJC 

5CAT CUSHION LITE « 

POT TDM; 2.5 YRS. 
BACK: S.O TRS. 


NANUf ACIIIRING COST 

|l UN SEAT CUSHION) 


(I Ilfjo A - lUIAl 

Hffi S MOOR S; 

6.25 


USVElDPHinl J; 

I.M 


OVERHEAD PATE : 

9Q; 


PflOflT RAIC r 

10“. 

1 KTHOO B - (BASED ON TCFERENCE CASE SEAT CUSHION) 


tABOR 

DEVELOPMENT 


twricatiw 

OESIGN IMA 


PLN*thG 
ASSEMBLY 
TOOL INC 

SUSTAINING (NCR 


OVEMAO 

OTHER 


lOULtNG 
FRINGES 
DIME A 



rise PCRfDunWCE CHARACTERISTICS 


RADIANT PANEL TEST RESULTS; HEAT SOURCE AT U BlU/Ctl? 


(SOORCt; 

(DATE: 

1 

. DATA HOT TCI ATAU.AAU - 


MODIFIED htAT RELEASE CALORlKUR TEST RESULtS: 


(SOURCE; 

(DAIE; 

* j TEST COnOITIDhS * 

W/D12 

ct:i airtlou 

- DATA HOT TtT AVAIUJU . 

IN. SWlPU 


MM TEST. DERIVED EWESS TI^I. ^iKJTCS 


CSOusCC: 

(DATE: 

1 

. DATA HOT TCI AVA1LA8LC - 



TAilE 3 (Continued) - SELECTED ENTRIES IN SCAT CONFIGURATION DATA NIC 


CCllfICURATKM f 0376 


UOOl/MTLW 

NOrifAQ 


• SEAT CUSHION llfE - 


MriOh; 2.5 YRS. 
BACAi 5.0 YAS. 


MANUFACTURING COST ( S PCR SCAT CUSHION) 
NCTMOO A - TOTAL HFG I; 


LABOR S* €.25 

DCVELOPKNT S: 5.00 

OVERHEAD RATE ; 901 

PROru rate ; io: 


KTHOO 0 - (BASED ON REFERENCE CASE SEAT CUSHION) 


LAtOft 

rAMl CATION 
PLANNING 
ASSEHPL'i 
TOOLING 


DLVELOfNCNT 
DESIGN ENG* 
SUSTAINING CM» 


FIRE PERFORMANCE CHARACTERISTICS 

RADIANT PANEL TEST REHJLT5: HEAT SOURCE AT »x BIU/CIU 
(SOURCE; ) 

DATE: ) 


- DATA. NOT YET AVAILABLE - 

HOOIFIED NEAT RELEASE CALORIMETER TEST RESULTS: 

(SOURCE: ) TEST CONDITIONS - W/CH2 

(DATE; ) CFH AinrLOH 

IK. Spirit 


C-13J TEST. DERIVES EGRESS TlNCi 
(SOURCE: 

(DAtE: 


DATA NOT YET AVAILABLE - 
CRESS TIKC; HtNUTES 
1 

DATA NOT YET AVAILABLE - 





DISPLAY FORMAT 



DISPLAY FORMAT 
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REFERENCE SEAT CUSHION CONFIGURATION FILE (REFRNC) 

The aircraft seats algorithm generates comparative costs, as opposed 
to absolute costs, by comparing associated costs for the Introduction of 
a new seat cushion to those costs associated with a reference or baseline 
seat cushion. The reference cushion will usually be one that is current- 
ly in use in commercial aircraft. The seats algorithm then can be used 
to determine the impact of changing the seat cushion to an alternative 
cushion configuration. The reference seat cushion configuration file 
specifies the configuration to be used as a reference by the configura- 
tion code and the code for the material used in each layer. It also 
includes data on the seat cushion life and manufacturing costs. 

In this file, manufacturing costs are entered as dollar amounts 
broken into the following categories: labor, development, overhead and 
other. If data is available, each of these categories can be further 
broken down into sub-categories to provide .more insight into the con- 
tribution of various manufacturing cost elements to the total price. 

The costs in this file do not include material costs, which are added 
in the algorithm to generate a total seat cushion price. 

The initial data set for the reference file specifies a fire 
retardant urethane foam cushion, encased in cotton muslin and covered 
with the wool/nylon upholstery. The seat cushion life and manufactur- 
ing cost data is preliminary in nature and has been derived from con- 
versations with a variety of seat manufacturers, airline operators, 
and NASA personnel. 

A display format for thi«; file and Its initial data set are pro- 
vided on the following page. 
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AIRCRAFT FLEET PROJECTION DATA ( FLEET) 

The aircraft seats algorithm has been structured to handle data for 
three categories of jet aircraft: 2 - engine, 3 - engine, and 4 - engine. 

This structure has been employed to correspond to the format of U.S. fleet 
projection data presented in the annual FAA Aviation Forecasts (See Table 
4). The FAA forecasts have been developed with the aid of sophisticated 
modelling tools that consider economic indicators, market trends, and 
policy issues to generate the best available projection of U.S. air 
carrier activity. 

Within each engine category, data may be further broken down by 
specific aircraft type. This additional breakdown provides the capabil- 
ity to capture variations in seating capacity and the sensitivity to 
changes in aircraft weight from one aircraft type to another. There 
may be a range of three to ten aircraft types within each Engine category. 
It is expected that some current aircraft types will be replaced by new 
aircraft types in the time period under consideration, therefore alter- 
ing the composition of the fleet. 

The seats algorithm uses the fleet projection data and the 'new 1 
aircraft delivery schedule data (described later in this section) to 
generate an annual requirement for aircraft seats. Following the in- 
troduction of an improved seat configuration, the assumption is made 
that all 'new' aircraft will contain the improved seats. It is also 
assumed that seats in aircraft that are already in operation prior 
to the introduction of the improved seat will be replaced as old seats 
wear out. Figure 3 depicts this transition from current to improved 
seats over the aircraft fleet, as it is treated in the methodology 

4 , 

developed for the seats algorithm. 

ECON, Inc. has created an initial data set of U.S. aircraft fleet 
projections to be used in the exercise of the seats algorithm. As 
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new or different information becomes available, new data sets can be 
created. The initial data set includes only jet aircraft flown by 
U.S. Air Carriers, excluding cargo transports which fly no passenger 
seats. Historical data pertaining to the number of aircraft by type 
in actual operation by U.S. trunk carriers, local carriers, and supple- 
mental air carriers for the years 1978 to 1980 was obtained from the 
World Aviation Directories, Nos. 79-82. Table 5 summarizes this data. 
This data corresponds fairly well to the historical data included in 
the FAA Aviation Forecasts provided for 2 - engine, 3 - engine, and 4 •* 
engine category aircraft. However, because the FAA aircraft forecasts 
include cargo transports, it was necessary to adjust those projections 
accordingly for use in the seats algorithm fleet projection. Without 
the inclusion of cargo aircraft the annual fleet size was assumed to 
be approximately 85% of that shown in the FAA forecast for both 2 - 
engine and 4 - engine aircraft. An 85% adjustment approximates the 
difference in the FAA historical data and the historical data recorded 
in the World Aviation directory. The number of 3 - engine aircraft used 
for cargo transport is currently very small and was assumed to continue 
to be so, therefore the no. of 3 - engine aircraft in the initial data 
set corresponds very closely to the FAA forecasts. 

The World Aviation Directories were also the source for data on 
the number of aircraft on order by different U.S. air carriers. The 
initial data set created by ECON, only specifies two new aircraft types 
by name, Boeing’s 767 and 757, with first deliveries expected in 1983 
and 1985, respectively. This reflects the information currently avail- 
able about orders placed for new aircraft. In addition, other new air- 
craft may be in operation during the time period under consideration, 
but they are not specifically cited in the initial data set. It is 
assumed that the reduction in the 4 - engine aircraft fleet as pro- 
jected in the FAA forecasts reflects the retirement of a significant 
portion of the B-707 type aircraft. The initial data set reflects 
this as a gradual retirement. Otherwise, the distribution of aircraft 
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types within an Engine category has been done somewhat arbitrarily, 
using the number of aircraft currently in operation and currently on- 
order as a guide. 

Table 6 documents the initial data set for U.S. aircraft fleet 
projections by Engine category, by aircraft type, by year. 

The display format for the aircraft fleet projection data file 
(FLEET) is also provided. 
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TMIE < - JET AIRCRAFT IN THE SERVICE Of U.S. AIR CARRIERS 8Y AIRCRAFT TYPE* 


Historic*!* 


Jet 

1 

2 Engine 

3 Engine 

■xenm 

197S 

541 

926 

627 

1976 

514 

1 ,003 

619 

1977 

536 

1,025 

593 

1978 

563 

1,074 

551 

1979 

618 

1,164 

509 

I960 

665 

1,262 

501 

Forec»»t 




1961 

669 

1,284 

459 

1962 

674 

1,306 

425 

1963 

757 

1,328 

397 

1984 

' 829 

1,349 

369 

1965 

927 

1,370 

344 

1966 

970 

1,369 

349 

1987 

1,0)5 

1,368 

354 

1968 

1,061 

1,105 

1,367 

355 

1989 

1,365 

356 

1990 

1,148 

1,364 

357 

1991 

1,191 

1,362 

361 

1992 

1,235 

1,360 

364 


* DATA SOURCE: FAA AVIATION FORECASTS . FIiciJ Veers 1981-1992, September I960. 


FIGURE 3 

A/C FLEET TRANSITION TO NEW CUSHIONS 
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TAMX 5 • U,5. AIRCRAFT FUET OiSTRIWTlON • AIRCRAFT III OPERATIWI* 


AiRCHArr 

i 07a 


1979 


, JJUQ — 


TYPE 

IRUUA | LOCAL ICARCO fiUPPLE. 

TOTAL 

THU:iK 1 LOCAL | CARSO ISUAPLE 

TOTAL 

TRU'lt: 1 LOCAL ICARSO ISUFfLE 

jm.. 

1! - TO? 

211 2 

213 

178 

170 

142 

142 

i: m 

9 

0 

C 

G 



ti m 

ii /I ?u i 

m 

131 V. I 

991 

M 57 1 1 

1013 

i: ill 

II 1 • M 

ns 

ii n 

ISO 

59 93 

152 

l ; w 

lUi ') 

ii? 

II? ID 

127 

125 19 3 

147 

tJL-8 

U2 ?a ji 

161 

106 35 32 

173 

75 32 30 

137 

111* 9 

H7 210 i 

]r.9 

130 221 3 

305 

110 249 5 

3/0 

nc-io 

120 1 1! 

133 

131 ) 9 

111 

130 1 It 

150 

l-IOII 

10 

90 

04 

04 

34 

94 

AiflO 

7 

7 

7 

7 

15 

15 


* DATA SOURCES WOULD AVjiUl OT DIRE CTORY. SUKER Hill (UP. d?) A'l D WIRI ER 1930-81 (HO. al). 


TABLE 6: INITIAL DATA SET FEW U.S. AIRCRAFT FLEET PROJECTIONS 


aiucm/t 

78 1 

7T~ 

~s.~T 

it | 

R 2 ! 


M i 

85 | 

04 

L?2 L 

•• 

81 

r« 


T» 


1K1UAL) 


1 





(PBOJtCICO) 







2*tlijllits 

1-777 

DC*9 

A WO 
B -757 
8*767 

ns 

X9 

7 

0 

0 

154 

MS 

7 

0 

0 

* 1S2 1 
370 
IS 
0 
0 

140 

389 

20 

0 

0 

1C2 

390 

2T 

0 

0 

146 

404 

25 

0 

a 

171 

414 

30 

0 

90 

177 

421 

35 

W 

135 

177 

421 

40 

40 

145 

177 

42) 

45 

40 

ISO 

177 

423 

50 

80 

172 

177 

42S 

55 

100 

179 

177 

410 

10 

120 

139 

177 
4 Id 
45 
140 
203 

177 

4)0 

70 

160 

21? 

TOTAL 

511 

528 

5)7 

549 

573 

44) 

70S 

718 

825 

84) 

902 

939 

974 

1012 

1049 

7«tHGlUCi 
fl- 727 
uoii 

DC- 10 

899 

90 

132 

9W 

M 

140 

1042 

94 

149 

1050 

94 

151 

1059 

H 

151 

1070 

100 

158 

10*4 

105 

140 

1094 

no 

142 

1095 

112 

142 

1094 

112 

142 

1093 

112 

142 

1091 

112 

142 

1090 

112 

112 

UMJ8 

112 

142 

1016 

112 

162 

TOTAL 

mi 

1214 

1284 

1295 

1301 

U28 

IW9 

mo 

1349 

DU 

1347 

1345 

1344 

1342 

1)60 

B- 707 
8*720 
8*747 
nc*a 

211 

9 

10) 

123 

170 

4 

117 

m 

142 

0 

128 

105 

140 

.oS 

105 

124 

Q 

132 

105 

100 

0 

132 

105 

75 

0 

134 

105 

40 

0 

134 

98 

1 

to 

0 

141 

98 

40 

0 

144 

98 

55 

0 

150 

98 

55 

0 

151 

9C 

50 

0 

161 

96 

50 

0 

141 

96 

TOTAL 

446 

4)9 

ns. 

375 

Ztl 

3)7 

314 

292 

m 

301 

302 

M) 

304 

307 

301 
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DISPLAY FORMAT 



DISPLAY FORMAT 
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"N EW" AIRCRAFT DELIVERY SCHEDULE (DELIV) 

In addition to the aircraft fleet projections previously discussed, 
the aircraft seats algorithm also utilizes data regarding the projected 
deliveries of "new" aircraft to characterize the operational air carrier 
fleet. It is assumed that, once improved seat cushion criteria have been 
decided upon, all "new" aircraft will contain improved seats, while air- 
craft currently in operation will replace existing seats only when they 
are worn out or the aircraft undergoes a decor refurbishment. There- 
fore it is necessary to differentiate between the number of "existing" 
and "new" aircraft in any given year. 

The "new" aircraft delivery schedule will, obviously, correspond 
to the projection of aircraft fleet size. If the total number of 2 - 
engine aircraft flying in a given year has increased from the previous 
year by 20 aircraft, it can be assumed that at least 20 "new" aircraft 
have been added to the fleet. However, in examination of actual fleet 
size and aircraft delivery data for 1980 one learns that other factors 
must also he considered. For example, according to the World 
Aviation Directory (Summer 1981, No. 82), there were a total of 52 
more B-727 aircraft in operation in the U.S. air-separate carrier fleet 
in 1980 than 1979. However, 81 "new" B-727 1 s were delivered to U.S. 
air carriers. Some of those "new" aircraft were used to replace 
existing aircraft that were retired or sold to non-U. S. air carriers. 

The "new" aircraft delivery schedule data is required for the algorithm 
to provide insight into this occurrence. 

An initial data set for the "new" aircraft delivery schedule has 
been created by ECON, lnc» is shown in Table 7. Alternate or im- 
proved aircraft delivery schedules may be created with the assistance 
of the FAA or airlines themselves and used in its stead. Assumptions 
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about aircraft retirement from the U.S. fleet were made somewhat ar- 
bitrarily, but in keeping with the general trends reflected in the 
projections of fleet size. 

The display format for the "new" aircraft delivery schedule data 
file ( DELI V ) is also provided. 
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TABLE 7 ! INITIAL DATA SET FOR , I)EN' AIRCRAFT DCLIVERV TO U.S. AIR CARRIER FLEET 




^ Inmac 


PRODUCT NO JIO J 
























AIRCRAFT CHARACTERIZATION FILE (ACCHAR) 


The aircraft seats algorithm requires data from the Aircraft 
Characterization File to generate information from the aircraft opera- 
tions portion of the algorithm. This file contains three basic kinds 
of data for each aircraft type included in the fleet projection and 
"new" aircraft delivery schedule: 

. average number of seats 
. percent of total seats that are 1st class 
estimated weight to fuel sensitivity 

The initial data set for this file contains numbers for the 
average number of passenger seats per aircraft type primarily based 
on information provided by Jane's Pocket Book of Commercial Transport 
Aircraft (Taylor, John W., Collier Books, 1973). In some cases there 
are different number of seats for different versions of aircraft types, 
such as the DC-8 Series 30-40 verses the DC-8 Series 60-70. In such 
cases, these differences were averaged to derive one number represent- 
ing a specific aircraft type. Information for the B-757 and B-767 
was obtained from Boeing Commercial Airplane Company's Public Relations. 

The data on 1st class seating is necessary to distinguish between 
1st class and coach seating because the size of seats in these sections 
will most likely differ. The seat size influences manufacturing costs, 
raw material costs and seat weight. At this time, the initial data set 
was constructed such that each aircraft type contains 1st Class seats 
for 8 % of the total seating. This number was taken from the available 
information regarding the B-757 and is considered to approximate the 
split between each coach and^First class seats for all commercial air 
transport. 

The approach taken in the aircraft seats algorithm to generate the 
impact of additional weight on the aircraft fuel consumption is only one 


of many approaches. The algorithm is structured so that additional 
approaches could be incorporated at a later time, if desired. This 
approach was selected because of its simplicity and because of the 
supporting data available from the United Airlines' publication, 

"The Engineering Connection", April 28, 1980. In this approach an 
estimate is used for the number of gallons additional fuel required 
to fly one additional pound of weight on one aircraft for one year. 

The estimate should represent, as much as possible, the varying route 
structures across the U.S. It is assumed that there will be no sig- 
nificant change in aircraft utilization over the years, as there is 
currently no mechanism in the algorithm to allow for variations in 
route structures from one year to the next. 

The initial data set includes estimates for the weight to fuel 
sensitivity, as described above, referenced by United Airlines for the 
following aircraft: B-747, B-737, B-727, DC8-61,‘and DC-10. The 
estimates used for the other aircraft types in the file were approxi- 
mated using the United estimates as a reference. The data generated 
for the initial data set is provided in Table 8. 

The display format for the aircraft characterization data file 
(ACCHAR) is also provided. 
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TABLE a ; INITIAL OATA SET TOR AIRCRAFT CHARACTERIZATION FILE 




1ST CLASS 

ESTIIIATED 
HE 1 CUT TO . 

FUEL SENSITIVITY ' 



2 -ENGINES 




B-737 

103 

8. 

9.02 2 

DC- 0 

128 

8, 

19.00 

A300 

f 200 

8. 

15.00 

D-757 

174 

8. 

13.00 

B-7G7 

203 

S. 

14.00 

3-EIIGIilE: 




B-7Z7 

120 

8, 

17.54 2 

Lion 

325 

8. 

17. CO, 

OHIO 

310 

3. 

15,37 s 

4-EIIGlHEs 




B-707 

140 

27, 

10.00 


131 

27. 

10.00, 

B- 747 

455 

3. 

17. 75 2 

DC -3 

175 

8. 

20. I5 2 


1 Additional gallons fool conjured to carp'y I lb, of excess Height on me 
airplane for one year* 

2 No. of gallons based on esthmes provided hv United Airlines. ' The 
tii i :Hi..prttn " >nn>»rtinn’‘. *•.•*!*■ *'♦ i"* *. f'M * ,, »t ,vw»» ,i o^to 

ujI *»»i? tii.ji wtt-j il, 'i* ■ ana uui U?$* esthetes 

currently avai loblc. 


DISPLAY FORMAT 



PRODUCT NO. JtOI 
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FUEL COST PROJECTION FILE (FUEL) 

The cost of jet aircraft fuel is expected to increase over the 
time horizon under consideration for the development of the aircraft 
seats algorithm. The algorithm has been designed to allow the user to 
specify annual fuel costs based on projections available at the time. 
An initial data set for the fuel cost projection file has been defined 
by ECON that reflects an annual increase over 1981 actual fuel costs 
of 5 % par year, as shown below: 

YEAR FUEL COST ($1 GAL.) 


1981 

$1.00 

1982 

1.05 

1983 

1.10 • 

1984 

1.16 

1985 

1.22 

1986 

- 1.28 

1987 

1.34 

1988 

1.41 

1989 

1.48 

1990 

1.55 

1991 

1.63 

1992 

1.71 


The display format for the fuel cost projection data file (FUEL) 
is also provided. 


DISPLAY FORMAT 
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III. LOGICAL PROGRAM FLOW 


This section of ECON's documentation of the methodology for an air- 
craft seats algorithm to assess manufacturing and operating costs con- 
tains a detailed logical flow of the program. This flow indicates the 
sequence of the necessary calculations, the series of questions that 
should be posed to the program user, and the nature of the user response. 
It specifies when the contents of particular data file are required for 
a calculation. It also indicates the kinds of summary reports that can 
be generated. Each summary report is sequentially numbered in the 
logical program flow, and a sample report format is provided in the 
pages following the logical flow. 

The detailed program flow documents the sequence of calculations and 
steps of program execution as seen by the user of the program. It does 
not dictate the internal structure of data organization and program de- 
sign. However, the methodology was developed with the understanding 
that there were no data base management systems available for use and, 
therefore, any manipulation of the data would need to occur within the 
structure of the program itself. Accordingly, the methodology reflects 
an attempt to keep additions and changes to the data as simple for the 
user as possible, while still providing a capability to upgrade the 
data as required. 

Each step in the program execution as outlined in the following 
pages is numbered for documentation purposes only, to clarify the 
sequence and allow references to previous steps or indicate a 'skip' 
to a future step. 
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. FORTRAN CODING FORM 

rnofiRAM- ■f'Axrr. <w,i ^ u/tr &»*/*•/ unHMr ___ 

l»my;nAMMt:n fw) , „ . PUiK / ~' 7 ~~ ~ 



& fnmac i.V VvV:*;* mowjcino.jwj 



PRODUCT NO S90S 








1 83 
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„ . FORTRAN CODING FORM 
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APPENDIX G -1 


Fire Protection Studies of Aircraft Seats 

Final Report NASA Cooperative Agreement NCC 2-56, 
Dr* A.C. Ling, San Jose State University* 


Editor's Note: Sections of this Appendix have been deleted for 

the sake of brevity. A complete copy of the 
original manuscript may be obtained upon request. 
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FIRE PROTECTION STUDIES OF AIRCRAFT SEATS 


h. MASS INJECTION STUDIES INTO TOE ENVIRONMENT CAUSED BY THERMAL 
DEGRADATION OF URETHANE FOAM AND OTHER OONSTOUCTIOWAL MATERIALS 
IN AIRCRAFT SEATS. 


Investigators : Demetrius Kourticl.es, Alan Campbell Ling, 

ffai Lee, Tan Atchison , Donna Davidson. 6 Sharyn Jupp 


1. INTRODUCTION 


Hie purpose of the project is to develop a superior fire resistant aircraft 
seat involving a compromise tetween absolute fire protection producing a 
seat that is too heavy with respect to payload considerations, and too 
costly from a materials viewpoint, and a light weight inexpensive seat that 
offers no fire resistance at all. 

Hie initial method of investigation involves the examination and development 
of a heat blocking layer for the protection of the urethane foam, the prim- 
ary cushioning material. One criterion for the acceptibility of a superior 
heat blocking layer is that it must provide both a greater cost benefit and 
better heat blocking performance than the current 3/16" layer of Vonar® 
presently used in domestic aircraft. 

It is postulated that one of the largest contributors in the development of 
a hostile environment inside an aircraft cabin during a fire is the produc- 
tion of flammable and toxic vapors from soft fabrics and furnishings, the 
majority of which form the seating facilities in an aircraft. Hi particu- 
lar, the flammable vapors derived from thermal decomposition of the urethane 
foam cushions. Thus a primry objective of this phase of the investigation 
was to determine quantitatively the effects of a fire on such foam materi- 
als, and to develop methods that will reduce production of such flammable 
vapors. 






1B7 


This Initial Investigation has therefore concentrated on determining the ap- 
parent weight loss sustained by the central cushioning material (fire- 
retarded fire-resistant urethane foam, and non-fire protected foam), togeth- 
er with determining weight loss factors sustained by the other components 
that comprise a typical seat cushion, both as a function of time, and as a 
function of the thermal flux incident on the front face of the seat cushion. 

Parallel investigations involving theoretical and semi-empirical modelling 
of the heat conduction and thermal radiation properties of various materi- 
als, has led to the development of a simple model based on six identifiable 
layers in a typical seat cushion. This model cushion (see Figure 1) con- 
sists of the following six layers: 

1. The Wool -Nylon fabric layer (outer decorative cover). 

2. The reradiatlve char layer (formed from the heat blocking 
layer by thermal degradation of suitable fabric or foam). 

3. The transpirational layer (allowing vapor interchange). 

4. The air gap layer. 

5. The reflective layer (to assist In controlling radiant energy). 

6. The cushioning foam (solely present for comfort factors, and 
the primary agent that requires thermal protection). 

Table 1 lists the materials that have been chosen via a conflicting set of 
criteria (cost, comfort, aval > abil ity , thermal safety, constructional via- 
bility, toxicity factors, weight/density factors, and aesthetics) for the 
construction of current and future aircraft seat cushions. 

As a preliminary study, small scale tests of the heat blocking efficiency of 
candidate cushions weru conducted using the NBS Smoke Density Chamber. The 
NBS Smoke Density Chamber has been modified to measure weight loss as well 
as smoke density, as a function of time, at a specific heat flux (range of 
1.0 W.cm"2 to more than 7.5 W.cm - ^). 
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FIGURE 1 THERMAL PROTECTION MODEL FOR 

FIRE BLOCKED SEAT 


§ r Ak Reflected energy 



T s = Surface temperature 
T b “ Backface temperature 
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TABLE 1. LIST OF MATERIALS. AND THE PHYSICAL CONSTANTS OF THE MATERIALS . 
CHOSEN FOR CONSTRUCTIONAL COMPONENTS IN CONTEMPORARY AND NEXT GENERATION 

aircraft m re: 


MATERIAL DESCRIPTION 

NAME PHYSICAL CONSTANTS TRADE NAME SUPPLIER 


Vonar 1 Cotton 
(Vonar 1) 

1/16 Inch Neoprene 
Foam with Cotton 
Scrim Interliner 
0.11 lb/ft 2 

Vonar 1® 
Cotton In- 
terllner 

DuPont De 
Nemours 

Vonar 2 Cotton 
(Vonar 2) 

2/16 Inch Neoprene 
Foam with Cotton 
Scrim Interllner 
0.18 lb/ft 2 

Vonar 2® 
Cotton In- 
terllner 

DuPont De 
Nemours 

Vonar 3 Cotton 
(Vonar 3) 

3/16 Inch Neoprene 
Foan with Cotton 
Scrim Interllner 

Vonar 3® 
Cotton In- 
terllner 

DuPont De 
Nemours 

Non-Fire-Retarded 
Urethane Foan 
(NF Urethane) 

Polyurethane Foam 
1.1 lb/ft 3 

#BT 150 
Urethane 
Foam 

Scott 

Paper 

Wool-Nylon 
Fabric 
(W-N Fabric) 

90% Woo 1/10% 
Nylon Fabric 
0.097 lb/ft 2 

R76423 Sun 
Eclipse 

Collins & 
Alkman Corp. 

Polylmlde Foam 
(PI Foam) 

Polyimlde Foam 
1.2 1 b/f t 3 

Polylmlde 

Foam 

Solar Turbines 
International 

F Ire-Retarded 
Urethane Foam 
(FR Urethane) 

Polyurethane 

Foam 

1.87 lb/ft 3 

#2043 Urethane 
Foam 

E. R. Carpenter 
4 Co . 9 Inc • 

Aluminized 
Cel iox 
(A1 Cel iox) 

Heat Stabilized 
Polyacrylonitrile 
0.079 lb/ft 2 

Preox® 
1 100-4 

Gentex Corp. 

Aluminized 

Norfab 

(A1 Norfab) 

70% Kevlar® 
25% Nomex® 
5% Kynol® 
0.079 lb/ft 2 

Norfab 

11HT-26-AL 

Aluminized 

Gentex Corp. 

Glass 

o!o§l lb/ft 2 

181 E-Glass 
Fabric 
Satin Weave 

Gilwee 

(NASA) 
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2. THE SMOKE DENSITY CHAMBER 


3 

The NBS Smoke Density Chamber is an approximately 3' x 3' x 2' (18 ft , 
ca . 500L) enclosed test chamber, connected to a manometer and an exhaust 
system to purge smoke from the chamber. If kept open, the exhaust vent can 
be used to provide continuous purging of the chamber while in use. In case 
of sudden pressure increases in excess of six inches of water, the chamber 
is equipped with an aluminum blow-out panel pressure relief outlet. A chro- 
mel-alumel wire electrical furnace is used as a heat source. The furnace is 
calibrated at least once every two week to ensure that the correct heating 
rate is applied. To minimize the effect of smoke stratif ication a vertical 
photometric system with a collimated light beam is used to measure smoke de- 
nsity. The amount of smoke production is recorded via a Photomultiplier- 
Microphotometer which registers the relative intensity of light transmit- 
tance. The NBS Smoke Density Chamber has presently been modified via the 
installation of a balance (Arbor Model #1206, reading to 0.01 g). This mod- 
* ification allows measurement of the rate of mass loss as a function of time 
at any one heating rate. 


3. CONSTRUCTION OF TEST SAMPLES 


The test samples are approximately 3" x 3" by approximately 0.5 to 1.0" in 
thickness; they are constructed by wrapping the heat blocking layer around 
approximately 0.5" of the urethane foam to resemble a miniature seat cushion 
(Figure 2). Each component of the miniature cushion is first weighed, then 
neatly sewn together using neadle and thread. The cushion is then suspend- 
ed from the balance and placed directly in front of the heater. 
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4. TEST PROCEDURE 


After the electrical furnace has been brought to the desired heat flux, the 
balance Is checked by weighing a small weight (usually, a small piece of 
urethane foam approximately 0.05 grams In mass). The sample Is then sus- 
pended from the balance via thread and a wire frame (Figure 3). To prevent 
the sample from being exposed to the heat source while mounting the sample 
In preparation for the test, the sample is mounted behind an asbestos heat 
shield. After the sample has been mounted, the balance Is checked again to 
ensure that the sample Is hanging freely, and that the supsenslon cord is 
not binding. To start the test, the heat shiled Is removed, and the lister 
connected to the balance output Initiated. The weight of the sample during 
the test is measured by the balance and recorded via a Hewlett Packard 5150A 
Thermal Printer; readings are taken every two seconds. After the test, the 
sample cushion is cut apart and the remaining urethane foam weighed to det- 
ermine the weight loss of the foam center Itself. 

As an additional check, the weight of the sample cushion Is determined 
before and after the test on a second static balance to determine the weight 
loss. 


5. CHAMBER OPERATION AND CALIBRATION 
5.1 HEATER CALIBRATION 

The heater Is calibrated at least once every two weeks using a water cooled 
calorimeter connected to a millivoltmeter. The heating rate is calculated 
from the millivolt output using a calibration curve supplied by the manufac- 
turer. The calibration is done by Increasing the applied voltage five volts 
every five minutes (starting at 25 volts) until a heat flux of 7.5 watts per 
square centimeter is achieved. A plot of applied voltage versus heat flux 
then provides the operating calibration curve for the furnace. 


5.2 TEST FOR CHAMBER LEAKAGE 

Before the chamber is warmed each day, the chamber is tested for any leak- 
age. This is done to prevent exposure by personnel to toxic effluents that 
may be produced during a test. The chamber is pressurized to four Inches of 
water and the pressure drop is timed. The chamber should be sealed suffic- 
iently to provide a decrease in pressure from 4” to 3" (of water) in no less 
than three minutes. 

5.3 WARM-UP PROCEDURES 

The electrical furnace is brought to the desired heat flux slowly to maxi- 
mize the life of the furnace. Starting at 25 volts, the voltage is increas- 
ed no faster than five volts every five minutes. To prevent the opposite 
chamber wall from overheating, an asbestos heat shield should be placed In 
front of the furnace. The asbestos heat shield should be no closer than 1.5 
Inches from the furnace opening. 


6. DISCUSSION 


A major danger in an aircraft fire is what is termed "flash-over", where 
flammable vapors trapped high up towards the ceiling of the cabin will sud- 
denly ignite, and propagate the fire across the whole interior of the air- 
craft like a wave. A suspected major source of flammable vapors leading to 
this condition is the decomposition of urethane foam. By Pleasuring the rate 
that combustible vapors are injected into the environment, from the urethane, 
one may be able to approximate the time required to reach flash-over point. 
If this time can be extended long enough, by making a more fire resistant 
seat and/or a seat that does not release large quantities of flammable 
vapor, then it might be possible to evacuate the aircraft cabin of personnel 
prior to the flash-over time. 
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Our test results will be used to calculate the time required to reach such a 
condition of flash-over, assuming for simplicity that the following assump- 
tions may be taken: 

1. The amount of combustible material ejected Into the air 
comes from the decomposition of the urethane foam. 

2. The mass lost by the urethane foam Is equal to the amount 
of decomposed vapor ejected Into the air 

The first assumption Is an Idealization. It Is acceptable only If the major 
portion of combustible vapors In the air comes from the seat cushions. The 
second condition Is more In the nature of a limitation, since our experimen- 
tal procedure does not presently allow us to determine the exact amount of 
combustible material Injected Into the air from the urethane foam. 


6.1 NOTES & COMMENTS: 

It Is obvious from prima facie considerations that not all vapor from 
the decomposition of the urethane foam Is ejected Into the air. Some of the 
vapor must be trapped by the heat blocking layer. Firstly, there are small 
but finite amounts of material adsorbed onto the fibres and surfaces of the 
heat blocking material (s). Experimentally, using the technique outlined 
above, this seems to be a very small effect, and can be neglected. Second- 
ly, at low heating rates, the urethane foam melts rather than vaporizing. 
This "liquid" urethane foam will then seep Into the heat blocking material 
and be retained, either as an adsorbed liquid, or after solidification* 
within the heat blocking layer. Thirdly, for those cases where the heating 
rate is very high, the urethane foam may decompose so rapidly that an en- 
dothermic cooling effect will be noted, enough to cool Its surroundings suf- 
ficiently to allow vapors to condense Inside the heat blocking layer. This 
effect exhibits itself directly by a mass gain for the heat blocking layer. 


The endothermic decomposition (in situ pyrolysis of urethane vapors) Induced 
cooling effect from the urethane foam tends to Improve the thermal prot- 
ection efficiency of the heat blocker, and of the seat cushion as a whole. 
A cyclic protection process is Induced, whereby the foam Itself protects the 
heat-blocking layer, which In turn provides better therma; protection for 
the foam cushion. Because decomposition of the urethane foam cools the sam- 
ple, less mass is lost when urethane foam Is present. In point of fact. It 
was found advantageous to use non -fire resistant foam with mapy heat block- 
ing layers, since the overall effect was quantitatively better than when us- 
ing fire-resistant foam with the same heat blocking layer. Further, by 
punching holes In the back of the sample cushions to vent the cooling vapors 
back Into the foam, we can decrease the rate of mass loss by the urethane 
foam even further, allowing transpiration effects to assist in the overall 
fire protection mechanism. 

It should be noted carefully , that individual fire resistance by the compon- 
ents themselves do not necessarily confer good overall fire resistance on 
the sandwich itself. There are distinct synergistic effects noted, where 
the contributions from each component in the whole package are superior to 
their individual contributions. 

The heat blocking materials tend to protect the urethane foams by two dif- 
ferent mechanisms. Materials with aluminum, such as aluminized Celiox® and 
aluminized Norfab®, tend to disperse and/or reflect radiant portions of the 
heat flux. Materials containing Neoprene®, such as Vonar®, tend to absorb 
the heat, emit water vapor, and thus cool the urethane foam. At low heating 
rates, materials that will disperse the heat tend to perform better. At 
high heating rates, materials that absorb the heat and create some form of 
endothermic process {such as water vapor emission) perform better. 

One of the practical difficulties of this form of testing is that at the 
conclusion of the test procedure, decomposition of the urethane foam contin- 
ues after the removal of the heating source by shielding of the sample cush- 
ion. At low heating rates (2.5 w.cm" 2 ), this effect is small and can be 



neglected. At heating rates of 5.0 w.cnr 2 the effect Is noticeable. At 
high power, with heating fluxes of 7.5 w.cnr 2 the amount of urethane foam 
decomposing during this after-test quenching period can be a major contrib- 
utor to total decomposition. 

A second shortcoming In this experimental procedure Is that the precision 
achievable from nominally Identical samples Is poor. Thus, mar\y samples 
must be tested, and average properties (mass Injection rate and figure of 
merit) determined. Single determinations, or the use of data from one sam- 
ple In a set, can be misleading. 

6.2 SUGGESTIONS 

To determine the exact fraction of the mass lost from the urethane foam 
that ends up In the environment as flammable vapor. It Is necessary to de- 
termine the qualitative content of the gaseous effluent front the foam as the 
model seat Is heated. Gas samples can be taken at various tines during 
test using a conventional Industrial fl sn1ffer% and subjected to analysis 
via routine GC/MS methods*. This will also allow datorml nation of the con- 
tributions made by the heat-blocking layer and wool/nylon decorative cover 
and/or other components to the flammable vapor reservoir Injected into the 
environment of the burning seat. 

A more exact measure of the temperature profile across the seat cushion 
would allow determination of the times and relative decomposition rates of 
the components in the seat cushion. Snail (to avoid local thermal reservoir 
effects) thermocouples could be Implanted Into the sample to measure the 
temperature at different depths Into the foam cushion. The actual tempera- 
ture required for significant decomposition of the urethane foam can be de- 
termined directly by TGA, measurement of the temperature of the foam at dif- 
ferent depths (measured from the surface subjected to the heat flux) will 
indicate when any particular layer reaches decomposition, and thus an 
Indirect but valuable measure of the effective mass lost from the foam it- 
self, without resort to mass measurements that are suspect due to several 
contributing and often conflicting factors. Among other advantages, this 
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Indirect measure of mass loss would obviate problems from "after-test" ter- 
mination errors caused by the so-called quenching period. 


7. EXPERIMENTAL RESULTS AND DATA SUMMARIES 

The following calculations and definitions are used In presenting the 
data In the tables and figures that follow. The mass Injection rate Into 
the environment Is based on the mass Tost by the urethane foam, and 
calculated from the surface area presented to the thermal flux, and the time 
required to produce the observed weight loss. A relative figure of merit 
can be defined In terms of the mass Injected Into the environment for any 
defined thermal flux. 


7.1 CALCUL ATES 

. wo — Weight of the sample. (The sum of the component weights) 

Wt{0) — - Weight of thd' sample at the start of the test plus any tare 
weight. (The weight of the sample registered by the balance 
at the start of the test) 

Wt(T) Weight of the sample at time T plus any tare weight (the 

weight of the sample registered by the balance at time T 
Into the test) 


Wf 0 Weight of the urethane foam before the test (In grams) 

Wff Weight of the urethane foam after the test (In grams) 

Te Total Elapsed tine of test (in seconds) 

Area Area of sample exposed to electrical furnace (cm 2 ) 

q Heating rate (in watts per centimeter square) 

M Hass injection rate. 

E Figure of merit. 

%. WEIGHT REMAINING = (Wo - [Wt(0) - Wt(T)] )/Wo*100 
% WEIGHT LOSS * [WtfO) - Wt(T)l/Wo*100 
Mass injection rate ■ M = [Wf 0 - Wff3/Te*Area 
Figure of merit = E * Q/M 
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7.2 DISCUSSION OF DATA AND CONCLUSIONS: 


A full listing of all data, more than 300 samples were tested. Is given In 
Appendix A (blue colored sheets). It Is useful to select from this listing 
those samples that exhibited superior performance, defined arbitrarily here 
as those model cushions that have a Figure of Merit (FOM) In excess of 10 
(In arbitrary units). 


The Figure of Merit is calculated from the quotient": 


Figure of Merit = FOM 


Heat Flux Incident on Model Seat Surface 
Mass Injection Into Environment 


Thus, the higher the FOM, the better is *,he performance of the heat blocking 
layer In protecting the urethane foam core of the seat cushion (less mass 
lost and potentially Injected into the environment for higher heat fluxes). 

A listing of the best performing cushions Is given In Table 2. It should be 
noted that the precision of data gathering from sample to sample, and the 
errors generated, do ot allow this figure of mer.it to be prcise measurement 
of performance. In selecting the best performing cushions, 25 such samples 
were noted with FOM values exceeding 1C, however, several sample cushions 
occurred only once, even though tested more than once. These were deleted 
from the listing, and only those samples that had frequency factors greater 
than unity were retained. For example, one cushion utilizing Vonar®-l as 
the heat blocking layer exhibited an FOM value of 150! Simlarly, one cush- 
ion that did not have any heat blocking layer at all, merely fabric covered 
foam exhibited a single value of 24 for the FOM value. 

It Is important to note, that of the 20 samples appearing in Table 2, 16 of 
them (80%) are samples utilizing aluminlzed-Cellox® as the heat blocking 
layer. Moreover, 18 of the 20 samples are ones with ventilation holes cut 
through the back of the heat blocking layer, to allow "breathing" by the 
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Interior, and thus convectlve/transplrational heat exchange effects to as- 
sist the thermal protection mechanism. One final point Is worth noting, of 
the 20 top performing sandwiches, all but two of them utilized non-fire re- 
tarded foam. 


Table 2 . Model Seat Cushions Exhibiting Figures of Merit Exceeding 
10 Arbitrary Units at 2.5 Watts per square centimetre with 
Respect to their Mass In.iectlon Rates Into the Environment 


CONFIGURATION OF CUSHION SANDWICH FIGURE OF MERIT 

Mean + S.B. (# of samples) 


Fabrlc/Al-Celiox/NF Foam* 

14.8 +5.7 

Fabric/Al-Celiox/NF Foam 

15.5 + 3.5 

Fabric/Cel lox-Al/NF Foam* 

13.4 + 2.8 

Fabric/Cel iox-Al/FR Foam* 

19.5 + 3.5 

Fabric/Norfab-Al/NF Foam* 

18.5 + 1.5 

Fabric/Vonar-3/NF Foam 

20.5 + 3.5 


"S.D." = Standard Deviation 
* Vent holes through back of heat blocking layer. 


( 4 ) 

( 2 ) 

(8) 

( 2 ) 

( 2 ) 

( 2 ) 
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7.3 OTHER DATA 


Abridged summaries of the data collected for this project are given In Ap- 
pendix A (blue colored sheets), and Include the following: 

Table 1. Sample identification codes and compositions of the sandwiches 
tested in this program to date. 

Table 2. Abridged weight loss data for all samples tested. 

Table 3. Hass injection rates and figures of merit for all sandwiches tes- 
ted to date at 2.5 watts per square centimetre. 

Table 4. Thermogravlmetric data for various materials used in the con- 
struction of aircraft seats. 

Table 5. Physical constants for some high performance materials used for 
heat blocking layers, and for the selected wool/nylon decorative cover, 

Table 6. Smoke emission and heat release data for urethane foam alone. 

Table 7. Smoke emission and heat release data for Vonar® foams used as heat 
blocking layers in these studies. 

* Table S. Smoke emission data for polyurethane foams protected by Vonar® 
foams in sandwich samples. 

Table 9. Smoke emission data for various heat blocking layer protected foam 
samples. 

Table 10. Smoke emission and heat release data for sandwiches of foam and 
various heat blocking layers* 

Table 11. Heat release data for individual materials for aircraft seats. 

% 

Graphical representations of these data, in the form of fractional weight 
Tbss as a function of time, are given in Appendix B (pink colored sheets). 




_ 
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